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Xf IrraCiatioa frail ©tort duration gaseoms dtsotorges*
For this .work' a medium tate&sltx gaseous discharge'lamp ©ad 
isw^ l moveX • eoBdmetamee cell© were m m im m t®I# ■ Seme . 
mew experimental vteccrl ~*c .wre-i&t^stig&t©! and their
application to curtain ptoicljiie reactions studies* fto 
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for grindj involved keterolytls fission, ■ tomoljtie fission* 
f r e e  r a d i c a l  dcoo  A 3 * i t i o &  a m i g e o m e tr ic :  r e w r a n g c m e n t *  a n d  
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lemsama dlasoojanides tad a possible nm method, for the. 
moleoular wight estimation of conjugutkd polymer® were 
evolved# • inolcVital to the general work* the spectra of 
some thiourea- oc .lilts end two organic free radicals art 
recorded#
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O e n e ra l I n t r o d u c t i o n ; . \
■ fix# use.ef'don&uetsaee ;®easare&eats- for. the ietemiaa- 
tioa. of. the ■ M&etles of reactions ■ eeeairiag ever a perSM 
of -minutes .or tours-: for t&etr -.completion tot tm g %mm- ■; 
toowa*.'. : ia isoo ia.-.a ttmijref Ciaaotisatioa
and WsUcor^: fa 1?0®. pioneered the eerie* . la Ifti ferris 
aal ^ ortoi^.totoa^aed. rote ©oaetaato ■ of reaetioas fsfela^
■ place la moMm five .mlmtes m i  in 1335 lo -w itt*  fsMt and 
 ^Btm&* -fturttor refined the. mottois la a study of the effect 
of positional.,substitution. on aromatic csteriiicatiea*
. fh& posslfclXtty of m&M.ag determinations of oliamfts 
of conductance mM of ocpaoltoaoe.ooati1scoas.l3r and auto-* 
matiemXXy recording these .changes daring a. e&emle&l reac­
tion, came. with. the.'advent o f  yaiio-fregueaw techaigaes 
descrlhe^ hr Slake** the first w rite rs  to attempt to 
follow reactions ianoa-s^uecus media.) where. essentially 
dielectric changes. freiomiftate .were lajmryf- Borrell» m i  
HeiviHe^V Hiring notes that reactions - too rapid to 
he followed.fcy recording potentiometers or similar de- 
vicos .mar he -followed hr. ptotogr&phiag the j&tenti&iwtime 
reoord of aa ©ff-fcslsaoe aigaal. of .a radlo-freqtteacy . 
bridge from a eathode~r*y oscilloscope* la this case
the m tlf limitation ■ of the-rate -of •■record-would -W- the. 
rate; of \the-rO&ctsats*1; -ffcis method hast been,
followed tn the- courseof ;this- :W0rkf- bat although the 
claim is-.;.eaifi, to-be.eabetaatially trueother.-praetioalv 
limitations of; the-method with-'-respect- to time resola- 
tiea- -have beta encountered -and' will: he - dieoaeeei later* 
fht object of- this--worh-'wae-to - etudy newer, methods 
of eoa&uotaae© msaiurtmeiit end their' applicability' to-- 
the investigation of ch©aioaX:'hinetios*
- ; : ■ for:t h is 'study#'; i t ‘ w a s;first necessary.to  develop 
several' new eeaduets&ce. bridges and - sellsX :■ ■ the first 
iuh-itotion of .this thesis describes this-:work#': ’ -..the 
■seeomi suh-seotio& is concerned with'the design and " 
opera tion  o f  a photoelectric discharge u n i t  Of .medium : 
intensity for the -Irradiation’ of -test solutions tal the 
associated- problems* ■' ■ fMs u n it  wm 'used in the wort 
as & 'reaction1 i n i t i a t o r  in''dohjfuhction with - the' celis 
©ad- bridges previously' fifscrihtd. " She remainder of t ie  
first '.seetioa'summarises the general, praetieal methods 
mat# throughout the wofh described*
fhe- choice ©ad'study of reactions suitable for this 
type" of Investigation Is described is. -the aent five 
sections of the ttoaia* : -
- flif. study- of the formation .of thiowea comple-rea ■
between tM ou'reaiead;.» Ilp lia tic  balogta mmpwmMB# e»g« 
methyl'-iodide* ■ was, undertaken. uslsig.,c.onductimoe:.©ad; 
spectroscopic. techniques* .,■:. Inforfcunately a publication ?
during the,progress-..of-.the;«rk end consequently
the 'study, was..not tatem to completion* ,;
two groups- of photolyfcle .reactions wore then in* 
vsstigated ( r motions 111 m i  .1 ?) of -decomposition
an# isomerisatlea of the disso-oyeaid.es end of reaction 
between methanol ..sad .e&rboa tetrachloride#". .-In both 
these..- groups the; effects. of - irradiation ■ by -the--.medium,.■• 
intensity discharge . were measurable by the', techniques 
evolved*
. Section f describes the preparation of two organic 
free radicals . CXI^ htiiyl -.fieryl'.lyiraEyi and lenyon' and . 
Baaflalda* Badic&X) and m  investigation of mmm of' 
their.reaotioas# whilstf Section fl deals, with wrfc. 
carried out .in. attempting to- foUow the course of the 
polymerisation: of styrene by- conductance. methods * this 
latter section alto contains; an account of an Investiga­
tion of the.eomplem formation between silver perchlorate
and; polystyrene in acetone*. ,
■ Section TII deal* with reactions m t falling into
the general: etossifleailou but; in^lving'the'!mpperatua 
.designed. ,©nd -using;.the. - teehnicue® developed*■; ■ to the 
first) the transition-point .-between ice•.•,«#. water was 
.studied .en:...the- :*eapaeity~eouple&f votll: system-..in ■ 
the '.second^  the conductance snd'capaoity .:relations of : 
f5-105 per ,-cent - aulphori*; ©eld. against conentratlen. - ■ - 
were followed*--using-.the- * transformer'loop o#XXf*. ' 
fhe general-- discussion and conclusions. follow in ' 
Section fill* ;.
■Saeh; se-otioa-of this-thesis is- as. far. as is pos­
sible complete ia itself ■ aad: contains. its own introduc­
tion* special - experimental- methods* results • and ■: 
conclusions* N
■ fctastVall .ivi<
s-~w* ■ **" 3>t 1 AT ■ ?>-** ' -'
V j w - i P i  t o i - W i i * '  M  * * .  1
*P * I Cells'-and /'*rl^ #s .
; ;. $&a use of M&h*fye§ue&ey-•devices In 'chemical analysis-;
. s%
t o  ;ls i i i -  studied for many years*  ^ ^ lla&sr ■!& 1941 reported 
tlit ms® of-the -*0* $eterf a c ©vice- for-the norsmremeat " 
of ®X®©tri©aX- Xossts 4m m m m tim  ®Xmmtt t® determia® 
the-losses. In a eonderser.before m l  after filling with - 
am electrolyte tsndor teat* ■' ■ S® also pr$p®etd the use of 
srncli a system for 11 automatic- process control* * . Jansen 
ami tassels® first used the fumed*pl&te ■tuae&~gri& '®ir- : 
omit for Wgh^fre&uency titration® in- Xf4S* fla# first ■ ■ ■'
. eell*» or mar# correctly • ^ capacity -coupled-
in  wMok th e ssmpXe was placed in a cuvette between tt® ■
- ■- m
plat#® of a condenser was revised fey Hall ami iilnosr is 
1951 sad gives the fora shewn in figure §* Shis iisirem 
shows- the cell in two forma ■ specifically designed far the 
work of this thesis# - the bridge used by laXX ami Ulbsoa 
was a commercially available impedance teligm aai they 
found that- screening tba cells using this. apparatus- was 
umaeoesseryv.- fteir method'of procedure was; first to aero 
the ■ bridge without the ml% in circuit mM' then balancing 
with the empty cell and then the ©#11 full of ©ample*
Under, the  .eatpertoentaX oonditioas th® conductance
is frer*enoy • 5epe&deatf; Cfable A 'h •..• living, i n  Iff 4.» im 
% reviewof methods-avnilabl.® for .the study of .rapid rut# 
Idnetiosf lists t&e .adv&nttgs® of ,.bhe . Sadie-Fre wnrf.,. 
oaeill&ter. method as .applied ■toIcniaabi®. syfst#»* ., ;
.,1* * ft oorduetamef.nttworh leads to,.a.point 
Ijalam©#' wher# th e : re a d in g t o f  .'the te i% #  .mast 1# taken 
a t s p e c if ic  in te rv a ls .  - i.fh e 1 !!*?*• (Sedio-frequency) Method# 
lead thexselvc-® very. easily to eaciixoaecpio eoatimoue . 
r e c o r d in g  te o h n i^ u e o * : .  ■ - - , ; -v
f* fit temperature chargee dm® to the direct. beating 
■of. ill®; solutions in the -.cuvette' by .the plate ■ currents. art
very -small, rhile tit t*f* ■ emrrtirls themselves. do not
l #
affect the  reaction* ’ ' ha® showed th a t
ultrasonic vibration® will affect-.certain reaction®*: ■ ■ 
AxMmmr :hm ehom. that-there. 1® ao- evideac® for pur®, 
ladi®' freoueacy -signals .(i#e* :im absence of,ultrasonic
iriteatious} ^ affecting" re&eilone which ■ do' not involve ■ a 
free radios.-mechanism.*: : .fhie was.demonstrated hy 'the • 
worfe on the 'eeferificatioa. of ethyl alcohol with acetic 
aiijsyiridii in-.the presence-of d&rbon fetmetilortie*. 1#
al0# showed that .there m i  uahoaogeaeity. in .the cell 
at the capacitor plates* . . .. ...,:. .:....
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A .further co :j: .ria-on of ladle Fre&uertey and low fre&u&ncy 
conductance v-‘JLues will'Is fousd' o n : p a g e s  2 x ~ 34-»' ; :
3 * Sines there iM  no.eleetroie in contact with the 
eeXuiiosij ewrfese ^phenomena air# sislailsti* '■ flit calf 
limit to' the speed of measurement is that of the mining 
o f  t h e  s o lu t io n s *
w&ereas ether fhytioml met hoi.® #f measurement* #*g* &ew 
frequency Oen&uotamse* Opeetreplieto^ etFyt. BeffaOtTOmetry 
roly on the assessment of ©at .specific ./property of. the 
te a t solution* l * t *  lack tM s  speelfle.-. .
e&sraeter m i  frtfii# only a. me.ia«r# of a i ^ m l  properties 
e«f« oomimotiaotf esjiaoifafie#* ete«* ■ they. are. therefore, 
.limited in their application te simple systems end.mast 
always he related la their application to ether methods ■ 
■of imweetigatlom not stiff wing from this limitation# "•
m  fitifitoii v r m m  ftsswosg
4 conventional ' Wheatstone Bridge metwerfe modified 
for use as m. 1*0* 'teidge to worE at XfSOQ ops# was used 
for pant of the wer*c# She teal# Bridge m i  method of 
use hmt Been deserlBed elsewhere (I&wreuoe *• meals* ’ 
loadon 1955)i-;;-;
,4 olrcuit outline Is i l »  in figure 1* - It eoa** 
eists of two pairs of ratio anm is parallel with & 
1#500 ops'oscillator source* the one ■ containing the test
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-0*%£ fi.} m &  t lm  ©tlier & {X  & CfJ*.
fh* re&ot&a©® i® aijmstii far a mimimts.
in. a s&UittMtft? &et*©tor <?)*.■ $2t®' maota^oe
©smtlsit ©f a «tiaf imst 1 a&i ©apaoitiu&e® $ 4m pns?all©l*
; . tt@ aiit m m it tiff , ,
■; .1* ■' ■ o f ■! <* m .
f# tin# aijmttetml #f a ttitiamtt w4» . .
•;. % sb , "by#® *a  i X i i i m g  t t m im t f  .m o w fc t i  o&  a  g l a s s . , . .
• • ■.•"■■ t iX s t l£*'■: .
3# '.Mjmstiiemi mi 0 im papiOXiX r i t \  tJa# ftamiari .
' m BMtm m X is ttmttmsait f©p assy p&&»® miiamgaa;
. 'ia.t&e r©a©tiy<s ■ #l«esi' %mt ©til# 
fte feriift in ika i o m  elaOTO., 4s atii&fcla tor tea rnmmm** 
mm%t tf atisiamsta up it 10,000 Olrnit* , Xaasuremaiit #i 
a ' grsnitx* ttoa 1 0 ,0 0 0  O&sia in w V < m & ' ©ixoriiag:
©ui ©&$ ©i t&a ©erit® atXsfaasta. m i  at.tii® mdm ,
of t&e wirt &bt i&.orie© it ©trials, a «M# atis ■
itt.0 Xmii## ©am i&ea .1# ©alitemiti it rea&.fclgk rttitiamttt*
SUIi ItlOtlifOf M I M E S  
, / ilia It-f# tismijji t&® w«lt ©f.i&is tiitsit w«r®
©f a H&p©« tamisaX aatwrlfe* type- Ifigur# &)' ami ©amsifstai
of m- oscillator* 'bridge sad detector eeBSirttete&'aa.-;&
.'■ ■& simplified version eftim ii 'ttowa In-/:
figure 2(b)>^rc IL represents the capacitance mi«f <■
¥
test and' ^ fOg. the''Oapaei'tones®' of the leads-etc#* 1; fh# 
briigt /is devised' 1# .= measure tot^X ea$iaeiiwee;;Or iiapeda&oe 
■between 1 sad- j.lowing tlx© effect of a^f os^aeitaao# or 
■impedarte<& -ibsitw^n l ** t and .1 «* I v : In figure'2(c) Imf
M. © !  Si ere the/impedances./of Vm mm?*-
sad- ia the 'op/pottis^  standard l^eda&ce# - 
■ 1 is taken as : the f?#Xta4 # ftimiaaX1  ^I the fCto?reat 
fermimX* and I the f&«utral**- ■ ill the transformers are 
aaaumed ideal C ft ■) * I s  * consisting; of ; capacitance and 
resistance components* iw adjusted to .give aero voltage', 
on. the detector* the detector icing either m cathode rtf 
oaetll08oo$e -or a %agia tjt1 integral^ with the bridge*
. If m i $2 w e  ^ the' mmher of turns on the u^lmsm ®na# 
and ♦standard* era of. the transformer respectively* carrying 
currents of In  and Is* -thee for a condition of aero flux 
in the current transformer*
*  * *. * ♦. ■*■ * * # * 1
Cince there' is  no cor# flux on the trassfonicr there is
saro ..voltage in.. all wialimgs and ..the connections of %& 
asi 2m..to: the.; current transfomer-©re at m m potential*.
flie voltages • serf©!?!! tm ant. %m ere fm mal Es* and. 
hence frost
flit 3S?‘ l&ll lH - $* ..., .*#.* * * ##2
fr« .Iqiu 1
IS ^ in  *** H^-mO
- y^im/.fxwxioaii'.. .
: &U ■ #.*ss -
■ '■ M t  Jii/1# it tfiiml to ofc'the voltage'"-- -
■ .::traa0f#rM©r*'.' f.litr#.f©rt' f«  finnl'fcaXwoe
. ■ Stor »  & , * ,  ■' ' *. a  X, g^- !fr* f  # * * # J
-,'■ ■...- ■ l g %  ■■-
and it can he mm . thet Si and "fa w e  not'Involved in 
tills expression for t* 0 unknown impedance of an isolated 
system*
fMi property of a .ttoee*temiusl network'can Is .■ 
used in three way® for. conductance measurements* '
*t,f In a #§mari ting* type "of cell ^here'the bulging 
edge'field between electrodes (figure 2.11 can he eliminated 
by linking a guard ring to the neutJ^I' teraiaal''(figure tBI*
B*. " la the measurement of .low conductances* /in the 
rang# of lO~^Q!me*^ to (ishosj^  ' the liftiM'to
be measured-m be piseed In tMa-wall#5 ■ tubing of .glass 
or-polythene--where the volt '.-and ■ current.■ electrodes . 
'{figure - § B we metal.' bands about the - tube* - fix# - neutral 
terminal is connected to- 1^da-separated fro a the first 
two ’liv#1 -electrodes by-an Insulating-layw* ■ ■ All-- - • 
connections art 'by coaxial- cable -to the bridge* ......
fhe electrical current of the system- flews late the 
liquid column- by way of the glass m i l  through the- voltes 
electrode umi cut via-the. glues‘to the current electrode# 
iwtrs in the use of-the apparatus arise fro-mi 
1* Eielectrio losses in the tub# mils#- cam he
estimated by filling the- cell with Wm&mef .and .thus 
starting. the- liquid impedance# when the remaining 
value of the impedance la that due- to ceil leasts#'. ■ 
(fable B}*
t* ” lie©trieal leakages along- the- outside surface- of the 
-tube causing a direst link between the current and. 
voltage electrodes#' fM# can be eliminated by 
ssrefmX cl0«inf sad drying of the cell let©r# us# 
and by balancing residual' impedances of. the 
empty tube before' mat# ■ ■ ■ ■
3* Capacitance currents leaving:the cuvette and linking 
' the voltage terminal end mtmtrml terminal# causing.
»— . ..........*.. ..  ..... . . —  . ... ..—.— —:--- --
Calibration of cell'X losses
Depth of mercury Conductance Capacitance
eats from base of aiero-mhos* mlerO"»mlero
cell# farads#
12*2 0*059 29.2
11*2 0*039 . 29.25
10.4 0.059 29.30
9.35 0.059 29*35■
6.6 0*050 ■ 29.30
8.1 0*043 23.40
T.a 0*036 25.0
6 .0 0.030 8.1 *
' 5 .1 0.015 1.09#
2 .6 0.004 8*86 *
0.3 0.004 0.35 *
0.0 . 0.0044 0.34 *
* denotes mercury covering lotli electrodes.
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. m  appareab lowering-of the eo «Ji*ota&de' r&luet* ;i  ft-if 
i potential-' exists in tlit astern s&d-this can'Sense : 
% ■ certain lea&age-®Xmg the alternative path from 
the Taltagt •ttrmisal t#'tfe# l i t e r a l  and mot to' the- 
■ cwro&t ■ terminal* ■ ■ " This of foot can be ‘ # iia im t#S ' by; 
- completeIf mtmnlng. the oistir#',ouvott©f '.but .this 
■ proved uaaooos.aory except f0# the:. lowest; conductances
e n c o u n te r e d *  ■;■. :..............
■. - 8*; It -is-also possible to measure the' conductance 
of bigii ooatuotoaoo ■ eolutioao using the fhree~$er&inai 
J3paaasfarsae3? tootoiotis*: ; la this ease it is not i&eeeassry. 
•to make use of metal electrodes-of any Mil*: Mtutioii I
showed*' ■ ■ '
' Su ■....sd JL Ju ^  ,** ■<**»,!•)*  gS.
V i ; , '
ami in  this csss- ■$£ nai sr# made single l w « i  both 
the voltage' m d: current transformers sns sound, on toroidal 
Mu-SCeiai cores* ■ fhese ars linked by a 0100#! oilman of 
lifmii sad the circuit ia completed* - figure 4 illus-* 
tratos oat way in which this- may' be eceeiapliehe&f. tbe ' 
licpii being contained in an ©11-glass loop* . t
Conductances in the range may be measured 10 to 
1 0 ,0 0 0 Otea using this fora, of the bridge operating at . 
M OO 0/ 0 # ■
#
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D I A G R A M  3
, C a l l s , ..■••■-.■■: - ■
to IIi j o i p i  .of ...the woyk 4«®ori’fe^ d la. tMs ;tb0si8 
f i w  tppea of conductance .cells :w#r# designed- and- ooa* 
§t$:ruei<si* ; •'■•,-, .
- • ■!*'■ ■:•■ Aa;.internal electrode1 m i l  iof: the /Hartley : ■ 
tjjrp# (figas*© 3)» ■ : fhe i body -of -th% c#XX X# of 
toaasparent .silica the- cj^ ®&d electrodes 
silicate .glass* * - the electrodes are of platinum foil ' 
coated with fXntismm. -grey. and HoXi apart. by/glass- mpmm*® 
■fixed thrmgh msM M l e - tlie. corners of the electrodes* 
th# .B 10 Joist at the mock allow© the addition , of aola- 
tions to the eoll'witli.th# minlsmsi. of ataospJi-erio con^ ■ 
tamiaatien mat the tap allows lim passage ©f-i; stream of 
purs, nitrogen through the cell when iretuired# : fM  ■. ' - 
■capacity .of tip sell i t  '500 al@«" -
;■ flit waol# ©nil @m b©-..supported is a frame and tMs 
suspended.-., in an oil thermostat# - ■ the ;lsrg# ■yelame ^ of ; 
the cell- and its robust construction allow vigorous.- 
shaking, for misia# solutions.*'-
' flait coll.- was used for ■•dilution rone1 and us m 
standard against which the -other ceils.were compared -' 
(table 0  aai graph)*  ^ :
I#"- $&« Concentric-Eing Sipping lleetrode fill of "-
a tyja t j  8i©si tutd la .this ©ell :
flit: eXeotref heavy t^ auTO te&ee piate$ with..: ,
itiM im  :(figure 3-}. In ;
spacers# : -: * c ©ontiaer&tle. area #f, tli#. eleotro&ea rnii 
toclr a^iftws n ©nil,: eon&tant #f ep^ra^teitoXf
; This ©©XX £e?l£&od i^f to** fctaetie ^ i w ^ i a l
© f t o #  t o i4 - t i3 ? t i i .  e©np<n\n&e t o  m m t t & m :w iS k  u l t o
halogen es'vomti©#.. Xt !vn*i «imst teen, used . t o  
determine; th*' p w t t f »#.- eertaia. erneoie eelve&te CMe&aett
mnfmMir! si world*: : . . . . . .
: : | f ■..- fut fearl ling: ttH*-. X M ^ e e l l t  t o i ©  tia# ; ; 
tec a crplclne^to principle to the ^reflw aa#ti@n an#. 
stora t o  H ; t o  $&». ean&tot© of t ore# e l e e t r o & e e  m o u n t e d  
in; n polythene hloek#' : f M  fetoi *&AaM rtmg eXeeiro&e*' 
if eon&e.oted -.to the neutral #f the three tersatnal Xriift 
aal aoto 4a '0U#& n w&jf :.e®-. to asmisi# tot field between the 
v^ltcc# and our* vxt pinto© u J f i r u * . $ e m ’itrial of to#
eleotrode* it ©t j4®rlteim toast# « i  &XX the eoa?*
ntebieis* vf to* eelhsre mlfcsd eireitXjt- through the 
polythene}% i ie % note. hath a# support .nni epecer for to# 
eleotre&ee*. ■
:it:mf to tai ilimt ever toe ptrial of'
T R A N S F O R M E R  L O O P  C E L L
D I A G R A M  4
i is e  -tlx©. p o ly b h stain m m  ■, im&etfefe. and 
for- this reason toe-.cell vrsa eoaoidereft ..tmsatisfaotory* ;■
■ .:4*-' : tho Iraaeforsier Xoop Cell# is ..©ell. has: bt#n 
deaeribed-;ia primaiplt' In the *retloua f^ ilwm. « lii 
e h © w 4 a :figure:--4V-'--: /fhe ; the-auto*
Mon- fo rm  too liiih between two - toroidal - tra&ef omer 
torts* -. ■ - flat anil;.ii| to ^ itoaatlti for- eleaalag at tit 
two 1 14- -joint##- ;fMti eel! waa:u0$d/’ln4ho';dotormii3®tioa 
of tit ooru»-ot«c©o of 95**10Sf Culplurio .Aoid ,-.; .{Eef
■-.S*. ■ fit Capacity Coupled Oill*;:.- fMi ©ell* which 
mm of the type..first suggestti If linke^ . and sitlifiti 
hr was used - for' &&eh -of. the.present
work# - - ; figure 5-chews the ttXln which were actually, need# 
f&ey difftr .froii.- those of llaXI and. -Oibroi in that the : 
electrode# art earcuied bg the-third electrode m  lmm ■ 
been previously#. toll 1 with $u«t2.end. pl&tea
too designed at part of the'flash'photolyaie apperatua* 
fie ■ jacket •eondexiaer: allow# the' ©ill eoate&ta to - be aaim^ 
Mined at aeeuaiaat temperature* ■ ,/fli# ealibration- 
table# for the cell art ehem'ln fable 4',*i' fable §*
; - ■: fell -2 ■ was deelg&ed. for • the etudy of. the ■ -folys%reme** 
'ilver -Perchlorate- oompleacee ant is filled direct from 
m fractionating • oaliiim at $*■■.-■■ 3?olyetyre»«-is held in -
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DIAGRAM 5
Vm t i l l  m i m$MMm mr# a i i s i  Ojr&oMs of m
mlGTomt v  r /rimgettoau^'i a m m tw ic ttm  %**
A Corr arif^on of !?o^io frs* io*? tfrozuQMT
Jn «£*mit £&& t&o *e«faoitjM*o$3£0&*
o t t t  o a s  t o  i t w s  t o  i l l #  f § «  O f  f i f t i r i t . ^  * f a  M l
. 1 4
oirouii* Is# to J3ao&o3r^ 
& it t&O in&aotoaoo #f the aetra*!s
i&o t t r f t t  oapiaoit^ao^# i m l n d n g  t:;~it €m# to
■ is# waifs of i&o ml% 'mi ilia i#ai#
■0g it flit. m ^oXtm m  of t&o irtimttigi* . .
0^.' ii siniil* cl Mw fr#3U » o i § %  to i# Anda^en&eat of . 
froqtto&a3r ani. oosooatamiios*
1 tm %tm of flit aM c l to t
mtaiis of 1 t&o ouwoiit i® fastiti with m  . ' M  
fcigJs imtot0 of i.». t&o ■ oifouit*
If fkm is^ im  to moasmre ill# total effoot
of IMi. oirouit mits frtiptiistf* sM fte s i  a erftofloii of 
laiaaotf -fii# &*s&o$o& fro  ^ eaoj/ooaotm fratios osrf#s 
i l i s s f r a i s l  i s  figitro 6 a r t ‘s m M m i *
M  t&ose* m  i tm t o $ $ $ 3 & o o  E  O e o o a i o  m a l l  o c A ^ s r t l  
to-&g. (co&oo&tmtoft sototismiij* flit %#iit ffOfUoaoy &ppfoeo&oo
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iiii vct^^a iltst two.-V is &o&ot<mio irsyrietSm of
M a t  frt-ptEor w i t h  ooaeo&tmtfeiu/
feitti is- Mfc oj*X* &ti<mo£ t M  masimn im  i M ; A
i l m .  stated
tint iit©t %.vir „ - tcmll ;i§ - dt ritii = from ■ tie-
for tfc# relaxatiss tim© of -iasio ©olutlo&s*
‘ ■■
: S t i l le r  es£ i;©3ur£r~' ftsrtfccr eik^Xifit#, t&e
opit&lesst. circuit of jacdol to. rigw#. ;6a* istert S asi .
«o-mow :f imott- In pr&llol &&$■&'is ig&orod*. ■ flit
tpimleat ■ circuit; it imicrjpttti tigf tit *fcoast im q m m fm
stamirimf Iriift ■ ■ m tm r k  m  ■& B m i m  m & t n t m m / ea^a«i~
taaeo ^  &ad 0gl» figu,r# 6a # e n i - t t m  em^loyiag
a rosict-iv© asS cmpaoitatiw o X » s a %  jta/^orolloX nt m
faralltl/oa^aoitmiritt (d &id O b
Jr #
Httof ©tsadttd OTtiioit of JUO* oireutt 
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of tis parallel cirmiit **& 1# o&tmteod*, .
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CiU ,£IOfi OF CAPAOIS/iSSE Cva.L.S C ^  AUM3ST 
■, STMSAXS SCIVUC..S
Concentration of'" g Mho A-AF
x ei g/x.
0.64 x 10*^ ' ■ ' ■ 
0.84 x 10"3 ’ 
0.64 x 10"4 - 
0.64 *■ 10~b 
0.64 x XO"6 
0.64 x XO"7 
0.64 x lo"8
0.002
0.035
0.254CM L0~& ■
*  W  K f  V
0.536 
- 0*300 
0.258
* ■'■■■■ i4.8 :■■■ 
15.6 
13.0 . 
6.0 
3.3,-- 
3.0 
2.7
Concentration of g -Mio' /)A f
K2S04 .&1
xo"2 - V - ' : : ' 14.5 \
10"4 : 0.072 -r 14.4
10”*; . 0.409 10*0 -
10"& 0*263 2*6
ID"8 . , . "0.165 ’ 1*2
10-3 , ■ 0.157 1.5
tocrrfirei :iv£ 2 is ©quirkiest. t© m mr£,uottjtca tcr&
I *'•>'* &/* ,*A# '
* Q G 2Rg \  
o 2s2c| + X
, ; : ■ ■■■* *  V f  i  V : v V -  ' "   ^ ' - ■
V k n m  l . l ®  V  a Ettt r.'X'sXttcnce 4*. tba. ei«" I t  ,
!nIs
yp ■ 1:U peak
' . ': - f o m  a  r;,., . ■ ; v  . P  a
■ 1;': itt tM ' e© .ittm ; (te tia l: t© ■ u> CL* t&©
f ■ ■ ■ ■"' ' : ■ jr'
f- - ’i s a g i m r j  p a r t  ,u t e i t t a a o # )  ■ ,
^  3/\^’^ ©a?© .\^ is t M  ■ ?&©1toX* .©©Mtiot^oo ;
■ ©r; tli©:X©w: tro*iaen©3r. m i n t  ?•,-.,a-.p-a-:-. •
.•: j  i s  t l i a  ox*?**©* :; .......
r^r tlit:. ©iro^iiti.: .
■ J L  i s  :tll# s t r i i s
t ,tlit nett icspffeaet . ., , • • ;•;.;..
; , %  i f  t l i o  r e a c t c s © ©  t f  f t o - , © a p t o i f s ,t i »  j m r i  ;
■ . . . f M  | 0  e q u a l  t ©  * 3 /  ;. .
T i m  present apparirlus u s m  th© ' equimle&t .
eiretxlt m &  C ■ is niarured* . it ' i t m  fe* aece&eagy 
to oslomlmit tlit series equivalents n s in s  th®-:£Q2® x l&  .
£* fj 1 «4>* Iy @ » Wp —-MMmtJinMrawfc
fe'tf
H ' * %- ■ " ■
w m m
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: ■:i&or*ae©e» 'S^'i&cre&st© £&•velue until as 0^: 
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fheee .equations.were derived''for high frefaemoy bridges 
working in.-. the llegaeyaXe range &&d -the eurvee illustrated 
in Pijv**e6vrc. were obtained* f&e laedol eorreepomdeace 
bet* c*_i tli® etmreut/eoaduetEaoe graph peak to that eb~ - 
taiaed from the fallen! equation cannot M  "MM for • 
the -freque&eiea iistl to tea present work however* 
via* 10*000. e+p*s*.* fht exact oorrespondeues■ hetweeu ■ 
the- present. e^eri&e&tal curves and those- obtained at . 
much higher freque&olee - would suggest a similar origin 
will oh ean he stated, la a qualitative way as the breaking 
down of the * capacitance coupling* of the cello* ?* e 
bridge at high conductances measured not the- impotence 
of the solution hut the losses of-the now ©herted glass- 
walled' condenser* .At. v#rj low conductancee the ©ffec- . 
tiv© capacitance of the eell walls short, circuits that
§ i : tli#  ■ealutioa. m A : ana#' agsi n  - t&® •a&ortdas&lngu $£■
is .
11 • : tot. part -of. t&®: refuting ■ sf f o
teiiph .•■ tiiftt■■two: iff$r l o a o & d u d t m s ®  ami
§s$imXfmm of tlx# solution in  t*3  ooXXcaa %t dcrlTfud ■
from ta# teiiwo rt&ii&g* • •;'-
k b  xf'AixcLi '.2* a raxrxi ifixixxff m s u  i m m M s : *  s *k
llorpmiij pktttlfMa■■xaaotionsara isduwd in  t&® ■ 
liquid % ® m i A i m m x w t m  tattaaitf .s.®ure®| ■■■
$*&* a luromrf' fisoterfi l a p  if a £m  imilm tmtjtrfe*
$h® t&ctoiqu®®£ flssk ^katoljaii dowldfod tj ■ orrinli 
and rorf or '^' •fe&s koea ^■ aeTtral. worktM* , :' ;
t*g*; I t l i r l l l t  and; JlaJurj^ £or i - uoricitiaad liqu id  
pirns®-polpaeriaatioa -of vingrl. and surrfXX*
and for tnt .polgraariaatlon of Stjrem#.r fiafl
Auot&t®* Ust&yl' AtrfXaft- crl fmtjrl • ioryX&te*' £: a out-*
put. of tka; dlstkargt units of workers w&®- spfroxi-
lrvf 5 ^ oulosu ■' ■■■;-•
lo r tm  w o rk /i i io r ilt i- is  th is t&osis & mnit of . 
e^s 1|000 to -1,500 output m a  loiristi and ton**
struotud t# It usud in couj uiefim witli -tka etiis csai ■ 
kriigts ’■ jrtTioiiely d$s©a?lk©4*. . f M @  Unit «  eonatruotod 
In su®& a w / -us to to oosplatolar stlf uoutai.n®d* asi of 
modor&to proportions*
X. -3 ■1 ■ ' ■- ■"
•: £&*. requires at r of iM» ] y: ■ : '- '
■: '. .■{■&)'• to "gmmstQ m ooutraiX&fcXo otiori 4urati<m feifli 
:r:..:; luaiagaltf' f X* r**, -
(b) to' |i3?t©@dt tlit flatM with-© pqlse'. of .©mffieiaat 
*v a M  eoramot polarity to trigger off. tta" - 
. '. Sw«ipff: of a oatliod© osaiXX0$aOft|
(o) tO '-oo^ troX tb©'intorvc.1 bof -a t3it abwa ' ao ■ / 
■■.. . ■ .that the-o*foot© oXserrei as a re X^t of .^ a) o@a 
. ;. v :'%s jlocod ia tho of * ^  bvqc^*
• l*A*t -' oXjcot was ■: aoliioTod t-j tb#.- oirouif ..-toorfbtt 
ia cal-itrlioa 2f \ buV it s&ouM fitaoieS .that fbo timing 
n M fXaoh-groo.po .aro iitsoaiiifti,- aad tlie timing group 
cot ■ bo to' pro&uoo: two 60- voXt .^ooitiTO- |^X»oo# '
*8*0X0 ia -for caij -or %mrposc, ■ ; : ■
■ \ flm wiiole fe© fto - ■
oociXXosoope i» stXf ooatalaii^ lm a siajlt c&so* 000 , 
fijprt 5* nai ao3snaXX|t .'spcmtioi* ia t r m  'a- 240-250 if#
50- c/o A*0V a&ina
: f colgorsi tap, iTOO^iateX^ ©oeoooiblo m  
tlit fro&t - paaeX*; eaters. ■: for. XiOf .■ f ^  ted 220 - volt® * 
flit iQBMing is about SCI wafts, -i«e*.0*3 & .crca* ■ 
Photograph of Plash Unit (Front removed.)
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, ; 2Bwop«ution of t&e/aircai &.a iy« at
t®W&m *:■;' ‘ t ' T - - - . : : O 0- ■= O • 0. 0. ; ; / ! \ •■■..■
(a) Twer Vtxck ■:(Xla^ raa-T)'": ■ ;; : ': ' - ■•■
;-:fMs -folio* t  t  tent i s  rts-ia**
taaa® smottkei* ilf it .Ip - w ^ r o d  to -tlxe'-High
fen tita  Volta { ,f*} tU n cm : %t  ^ton* tyr B#13,
ant tkskr of -tet -or&or-of ■
ro r>n/L*0Z* ,. ::-2!lii0 wouli.iaortst# t  ^c m  Q 3/l3f ■ 
s&oulfi a Mj^#:r oa^rvat taa soil* •
Cli/ fifixt- aad 2l^:%2 oJUsuit. • ' xt 8}:*. ■
■ ■ ;{i) ’ ilio iralTa V;:-2-'(6*JW&) ;
£eaioCe sf :t!i#-!?Ciart su^rvsaor Xsit t j ’p t11* *‘-Wmi . 
■irtippreotor-.grid whm Massol uoj?# t^a.als^t 18-TOlta ■ :
tatlidtg, auta af# t&o 6at4f^ vgarj?tat*a : fM# 
riirtit eoa*iti a iiM&owaj w£t& t&a'e^U*o£« ’M a t s t d  ■•'•■ 
0O:,Yolts.# -tlit saaoit /mtrrttrl ■ Insist 1 1# a ■about ' 3*1 miXMsiip* 
il#  suppressor -It ewtlitdnyia 11* ■ flit ooroea is  'not : 
m t off,an3. tk# 1-4 feai^ .a T^ ltngt .aorosa.^ it of.&Miit 8?* 
litis  in M f tn l  off*. <t&o-auote' voltage -ataret
tfcat of tJa@ H*T*.r Biut0 -thoro-ia- negligible .toop in 1 8# 
lm t;M  th is  pv,iat-. th# .lookisg i io i t  VI takot; ourront* ■■ 
sad ■ .feolts; the a s t i t  n t &- point- S ^ t t s i a t i  %- ih t  low 
tep#feat«t poteationet*? eh&tn I X9 f Xf 1 2f 1 3t iitart
r*o ?.
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2. AuL T^/VVINALS HAVg O.C. POT£MT|At-, HASML
■ If a 1 aaEoaadiag t&« out oft Mas.- ■ '
oat&oda-auppwaaot# ■ that Isf about ft Yalta-
positifft Is Hfflftl by.t&o till wit 0b* oaf by t&« W-* 
patittYa tost* to fli# irif mg^vmmvt t&e t i i w ' attempt0 
to reinaro ■ to m m A  p $ aio&a oondition* . i * 0*' to ta&o. 
oorroni on its anoda*
■ flit .iaoroaso of mmM entrant bao .no affaai* eawsapt 
a sMglit Inowaso of oat&oda pool tiYa. Mas* until t&o ■ 
■^imtuml1* aaodo Yolt&ga drops to 2g@ ?* tbs fito^ o-Ioofeod 
■irate#*, At tbls point tbo WXiag# drop tria 1 8  causas 
tbo sms&s to fall rapidly* and this ms&atlvs pulso is 
fasset "by 0.1* to t&s g$i&» opposing :t&a notion*- f M  ■ 
sffast of 1 f and f 3 is to blest off to fjUf** and - 
t&srsfors soatarol t&a .nogatiYs fetlbasl Yia i i»
; ■ fnrtbor# ■ tba oatbods ouwsnt rises* and. therefore
voltsgs aoross i 4 . . rises# '. . ftoa, tbs oat&oos be** ■ ■ ■
oomoo mow positiYs# i a i t M  grtd-^atbodt m o w  nsgatiYs#
: -nogatiYs foedbaob at t&aao two foists ©lows, up-tbs 
notion* and also Xtaowisaa. tba s?«n^o©n* but t&a valra | 
oeatifmes ft draw ouyyanti.-until a point;i© roadbed at 
wbiob tbs daoaraaalng .aaoda -Yoltaga* uttfe tho.- inowaaing 
grid M u '  of 1 4 (wbiob tabs© .t&a ubola ©urYsat and 
w&osa M  drop therofor© ineraas#© $0 a© to .mate t&a
o&toede peeitiYe# and ttortfor# grid to e&toe&a negative) 
#Ms tbs oyoXs* •' ■ fto aaode-o&toode Yeltage-toe toooae
only !§■?; or.©#* ami- simply tan to M  wmintmm mmi®* 
eatoode,. toe torroaS eollrpe'ea suddenly aai StoaiiM#
■ gotS' poaitiYs#- toe 'final dying link say pit tbs. oatbods 
mt 40 * §§ volts positive#-toile toe. anode it €# f 
peeltiv©* ■ ■ aaatim# toe suppressor voltage tot wtur&ed 
to ©arto* 'and therefore tbs mxp^r%mm to. eattofie -say to 
6§-f m#iatiirt* to toe valve ruebea into outooif and to 
normal* ■ toe terminating anode voXiags at. fXybaeb start 
is atornt 60 f te eartby ■
■ fto ©laps of Slit ran dem it determined by ..tbs total 
feadtoob and tto time aonatant-of toe grid,..!*©.# by tto  
preduei § 1 end-1 I Is parallax with 1 § -..and I 3* ■ But
tto yatia it mob .simple, ■ tot alto Involves toe valve 
eonstanto* ■ Mmmmf timing m m determined i f  t o  !©-* 
eletauoe/alope* -aisy .etoer tom It oalettlated easily* . 
Baubling either 0 X or toe resist&aoet will double toe 
Sint of im ll tm  a given v#Xtag##
. Tm limits for whieb-toie rel&tieasmip tolls are- 
extremely nil#* ami times oan' vary. from ffliereseeo&da to 
several minute© without affeoting toe iistarity of run­
down# ■' ■ • ■.■'■ ■' ■•■■
(ii) Several.circuit® derivatives- ©f tMs for pulse 
timing were used,. the .final, and. simplest* being isliowm* .
'•.; 2uifilial 3 point starts lit ■ 220. ?# .and. falls .linearly 
to about .60 V* :.. A 51" potentiometer outs .tbs .start' to 
110 ? which is allied directly to the grid of a tried© 
{©a© of. two on a cosmos cathode)* ; file cathode resistor
B ;25 is fixed a©.. that : the. cathode is ,about - 35:. volts .
negative relative Mo. grid* .pfhus the . valve has a fully 
positive grid* and take© saturation current*
S*.B* this As :only 5 —  6 .-a*a* as the eaode^eathede -■ 
...voltage is only-.300 volts.minus the drop via ;
S 12.. (about 91 f) minus the ea?th«eathode voltage 
-  <75 V)* ,V--.',.’ V .
■ ■the second tried© grid is Massed. by a low impedance. 
potentiometer I I  to about 10 volts negative to cathode* - 
this valve-is therefore; cut off*- : . \. - .
• Bow assume the run down starts* _ Until. the anode . 
voltage reaches-150 fs (the.grid 75 ¥). no change occur© 
in ? 3 (a)* .lint when the grid becomes., negative relative. 
to . cathodef . the. valve '.begins to - cut .off* - .fhe anode 
current falls rapidly# and., the mod® goes positive* *Ms 
positive pulse is passed ty 0 3 to the grid of t 3. CD* 
and drives V 3 CD grid positive, m  the valva starts to 
take current* toe common cathode current varies, falling
because' of ‘the reduction of anode current of V 3 (a), • 
rising "due to ’the rise -of: current ia-f ’3 {b}*-" -Since • 
ft 14' i s -emsller ■ flian 1 12.#" the nett effect Is a rise in 
oatlioi®. <narrent#’;-i,e* a 'rise in the-; cathode potential# 
willeli slightly - offaote "the general'''effect % '■' "A mti  7 
positive kicfc. ap^ars-oii'th© grid of V 3 ib) of about' 
ltd V# aal its current rises sharply# its anode goes 
negative f". and a negative puls® of about 60 ¥ appears at 
its anode* ou: -.0 : ; ;: v.r :. - -
(ill) fMs negative pulse is 'applied' through m nl ong 
»
time constant circuit' 0 4/1 16 ■ to'- the' grid- of a triod#-■ 
f 4# and bteoiaes a'flat'topped '.pulse of:about 100 ¥
.positivef well-over the value required; tc fire tlia :tJayratros 
flas object of ¥-4 is. firstly to turn the negative pulse to 
a positive #: aad eeeon&ly to clip the pulse-top m M  bottom,
(iv> since -the' operation of ¥ 3/? 4 occurs at a r 
definlte voltage# ancl the slope of the---run-dom is: can-", 
trollsble# the time-to . reach‘.this voltage is adjustable ,- 
flms a single adjustment cirn alter .the interval.between 
the initiating pulse and the'■ operating .pulse«,■ " fMs 
adjustment is f; 3 with a second, coarse control on :Q 1*
dOTO,. ■ However*. :.#a|
supply#. :«&iXeh is  not in .thefoeifcuels' ¥»«»***
..ataten to** .■ ffe© sts
of tlta H«f . ■ was; not eonsi6#rs&; aooossaxy
apparatus# as,;tHs tiMn$ can te-ohgo&si irtry easily*
■-i
iSiMi' C*erat Ion of I f p a r a t u a ) . ■ ■
Co) fhyratron; Xroajp"(J^a^raa i)..;.: 
■■:$&© ofcj act; of this group is to 
of sonothias Xllto # £2£t to . operato r ■*& # .
to fiTO. a pulse §f son© ■. ttoaasnos of 
to i  It®n Host %  a «iayt ■ working from.? 4* 
a relay wgml# . toim re^mlrsd. another ,W$te 
as a moi&ng.part it ocmM timm presented an. 
oojaplieation in the apparatus* . , ;.;.
. Ik# tkyrstron t | is. - such that, tip 
oa ths anode* a nestles Mas of 4 tel 
h$X£. task -the ®ao#e glse&rue
f 4X*
nn grit
•*»* v %r<
.$ circuity a negative. potaatial: of 2§
© pmXto of at: leant. 60 ■ ¥# ■ naan 
# ,a&4 no aijustisent#. other.than 
justste&t*'- fii# anode eurre&t • oollapso# a 
irrespeotlw of the iri# pot
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^  ate&dardrtelevisioh^tppe ■ %rmmt®tmMTf - - ■; ;•! 1 ■ 
't40/4Oww 'Volts#'. ■'■’;&s ithe'ms&mum-' voltage- m in im i^ :Ib - \ 
■2*8 SC7# ;a -useful '.factor.: of ■safety -hat heea introduced 
: la ■ two-:ways* 4 is driven- -
t e  a; smell'autotrs&8fo»sr f f la ■ eteps^ from 60*140 :- 
velts#;;ttd Bime;m lT ;lateraltteat load Is required 
;t M  seooadsr^'pesk 1$. used-(1*7X7'.times rat si average >#
■ the;'capacitors- ■ being allowed ■ ample- tims to charge be*, 
'tweeh ojalsa of'Oper&tion* -: -•■'■ ;■ . 1 ■
; ?iie’.circuit s^ iargiii through'- 4 :peacll S» m*&*' recti* 
fiersamd §#Si ©egeter’ resistors*; taking- about J  minutes- 
to ■ mmh' fullvcharge#:. which ±e:. registered' on'the motor* 
fhe charging can It ©topped .at ' poiat#'; mad-the ■ ■ 
o* orating pulse to fire1 the; flash tube# ‘
':- J^eoauftorn hm® ■ been'- taken :tO- ensure that■ the- 
end' lethal :char.go ia: kept: from-imlnerahle'
•parts* .\-..:"v. ' ■•■ - :■ , vy.;-.,
■ Ct) '; feet > ■;■■■ *■.;' ' ■ ' ■ - -
' ; feet, switch puts- &--A0-T/AO oa the eup*reasor#
As ■ thf cycle swings positive* ;at about 4 10 ■¥ - the one 
'cyele of:3maiowm occurs# the voltage■ passes its-peek# 
aai goes through eero to sega^ iir^ *' stopping further ■
eysli&gf u a t i l ' :: - X S-CXafs ‘ rtpetiw 
slgaal- i®' ttma ■ ofcta&aat *;- wMali1 am' Xs o't&errei sm ■ a - ;
50. par mmni: t i m . ■■.■■ ■ ■ ■ '-^ ■ =■: -^/; ■' ■
( a ) : Bef ■" — '■ :■'■ •- ■
r .4X1 at tXipasdtiam, ■ ■ 
fart tlit ma&m' aoimaotsi# ;: :-
’ fia# .■ #fasls ?la®& falta^ . Bhm li M  at: its
': - ' ' ■ i :- 
• *Xmr£of* $wita&# ®iXX:'tefg left m '
#SaftV s&aral&-&$ m®v®4:ta ttf®'®t,ti ; ; ' = ■'
W  S M l ; ; ^ ‘
' ■ i$* ) >X ^ g ■ ■ ' : ■ • ^ ^
■•'■ OaasMt :a rang# ta 'famiaal I m i
Vortlx1* ; Samiat aaias mat; Claims# switea* '
f M  ■voltaataap eliamX# rtat sMtrl tf§’ f witMa 5 a^sada* 
risiag ' sttstilf * i »  "aow aper&tio&al# _
'•’ (11) : f i mi mM. &r.oupr;
;.■■- ^ '1':■-2^®-.voltaga at;C^) stimuli fall:t# 60 'ia
abQUt lO-agoo&t®* : ;fli# :gxatta Xiilit sXsuXi Xlglrl*- 
^ ■ 11 ■■'•opgrat®- ^ tarttr' awitaM# ;
; " I I I -  P at' tM#: 0seiXltta§f# '©a:tami&al® 1*4 i n ’ ■ •'
r n x m m n i m :  i x i tL~ *&$XfVsf^o. ,
■ $t>*fc&l& a# #ai: 0f t^-sub** ■-
m $ % % ^^EisiEal'3'^ -ithe timing-: ■
switches -should alter- -the -mleqpe-'ef--'.the^ uttera*;  ^fM  '
: tmst-of : should-be as shomi ^ birl^ if -it :^ bmm
B i g m  of .dirfcortiom*;. ttm 'fatttrtr maf be ^ restored '■ If the 
eorowdrlTfr ■ @AjJust3Soi3tt'-of; the ^ Ililm ..Shaper*# •■•■ : • -- 
-iv; . If--Beatere feat .■•switch* put t  a ■ oscilloscope'-oa':4# 
and operate .till ■ buttery..-- ^ v-.. ■•■;-;-
CiiiJ f!iiT0tr0!2 :§roup'  ^■. ’■:. : -■-.: p : - .-
.: ■. ■: I : ■ Switch: m •■ switch# .; M® - tsttmai -test
is.-provided# but:-& puXeo-.is-obtsiambXe- oa.'tiie eppropriste 
flash tube 'terminal* which-.is :ecee8aible-w&@& "the tube 
■in :■ ■■:tftio lulrel®'^imilsa?'to ttet from ter*«
mimal .5V-\ -W : ■• ■ ;,:. ■ ; ;
,^T yt„ ,
■ flit■ *Bes& flaeti'Tolts^ ewitelt 'ehomXd.aot be-moved
wbm:the■ thyratrsm .switch in -operated* - [Binm "the-- 
rejpal&tioa Is-affected'by trsaefnratr ta^iagif move-* 
meet ■ of. the- tappings while powtr is on msf ■ damage the
■ transformer*) ■ , : ■ . .-; ■;
■. - Before-iCper&ti&g . m  the :■?!&©& 3Ju.be for anf jma^ ost* 
the switch must be ..oil the fonitisn mad m© volts 
must be rest stored m  the- voltmeter*
.-.{iT'J-naah gg»U3/-: -
:;;•.-■■:;:,^  .-. fits: tube, sunt ifet eecerelyvin -and-::-.-=
thr-light. . directed awyfrom’ the operator#- ■■vEetate.-; - ■
the charge- switch:to the-..test.'position* ■. ;:,.
.-■■■2I. ; With-all"prevloT.*" grottpe. ^ 'llve^ t ^ operate -.tfee , 
Ixtra .Blgh-- ®easioa :(t3f} ■ switch*. v the .lamp- in this 
‘.groupShould; light:.sad .the.-voltage immediately- et«t,
: to-..build .up -m the-voltmeter# fMe build-up earn be;.-- 
stopped at .say- point returning the. IEf -switch to ..
: fiie Blf .switch smst .always- be - off., before ■-. 
discharging the .flash-, tube*. ,■ ■ - ;. : .
, : - v-nt freaa the;K83. button* ;. i flash should re--
suit fc ■ - ' :4 -■' ; -
- (v> frii Circuit ■, > ; ' ivv.-v-■: -
■: X -. Connect farsiinal, f ;ta,Srt#:- Sync* v-os* scope* .
■3Ui • .scope to ^ri ,;*|ja?iw®n. Sweeps. ,crsoiber
daslgnmticm* Operate-*fest*'-switch*' - ..fha. pulse; from. 
fermiaal.l: should -drive-:the - spot eercss as: a flat-trace* 
Adjust; oscilloscope-1.eternal Byac**;: polarity 'ead^gaia* 
uatil. the-spot is driven reliably# .-. - . -
. ■ v., - XX .-■ Conneet terminal. 1 /to: the -'f ;.plate ,ef the- - 
oscilloscope* ; A'pulse-should r^ -e'-r- Inside the trees*■ 
aai its- >dge; should - be....movable, along- the trass by -.-
-operation of r:e Select-,.tke ep&cing
r*f l*ire&* , : : \ e  . : - 1  -.' * ;,; ■ ..;U. -
■ :;■•■ ..XXX. r^ot,‘tsre test=switch*eonneot':-ter14' 
to' :t im -o&oillocoo^ Gf.'-- .£&ere .ohouXd
»aw. m l. f  '%$ a upet: cm.:. th@ .-left. hm xa elds :o£ ■ the &eree»t 
(cl):0B;ayata .•:■-■< e r .,; ■ -
' tsxt apsratisn of the- 7TC button s l m M  -dlec&arge 
the SHf of ooalatxs@:rsf .■>%&& ne-.YoXt&ge- should • 
appear .-©xx tXa wltSLOter.* ■ ■■■■■£&$ *0&arge*- &wite& tan now 
tm rotated, to .• the .-required..c^rga position f  or fu ll
•Cii): Transfer t&e X 'flats ■o.£ the' ooclllosoopo fetal ;: 
f cmiirnl 1' to ■ to© output .• of: t&@ ■ Ixridge used in ■ the- ■ ■ • ' 
particular ^ eumjraaeaic1 required# • •
{ i l l }  Operate 15lf switoX* nud-i^ow•volts..toituild up ; 
to.- required- amount* ■ ■ Eetorn' Iff rwitoii to' wcff# posi-*-' ■ 
t&m* ' ■ - ;;
: -. \ir)' -Operate IXS4 Mitca* •■•■ ■• flat ■ off-XaXma#' ®£■ tk@ - 
bridge s&ould -*b© ■ofceerrafelr la&ide tke trace* •■; v
4#' .- Iz4 of -fast; v.
Caf lut -awitt^ . to ' : If iliert is me
■. .; appreciable reading- -.on tke YOltmeter, tie .small 
■ .eparls clicks are fearmleas*' . ,
(fc) istmrta ttjrcitmii ©witch to *off * pmtltim*: • .
{o> Setura *:JtE© ©witch to  ®o£f w p o s it io n *
{€) PQT5, £; is  q?&®t--q'£ operation turfe aiwa^^ ;h© ■ 
care fully follows^*
(#> BlmtXi V  0 ^vil to fl ~ , l*a* to lis**
.-.■■■, ofea:? je tile comitastr haaki bo at ten tit ssConM %a
aaia to sartlea i t  while wlta^e ©how©* It 
■. will slowlf ^ischarg© Xts^Xi*; -.th e re fo re  ete©&- 
.■ th a t -th© ^ulseo ar© © eem ^te ft ssd i f  aof tim '' 
faailt ecu h© attributed to ttia fliyratrom *. - 
L»itc& everything off, renew* n*l&*t sia c/. ait 
©ieehsrge, about an hour*
ro ??ot *0 **v « ^tt:* * 1 nxr* ,u ► *
ijij t i»iitiii»it>^L'>B>i»i<»irirp| i>i)riWWi‘iy>Wiw>~>'Ti<?tirT'riirii • irr< tiMiiiy)i"iiiniiii*>i>»^ n'»iiiinirrT)*-,<riTiifmr>i,rirnr ii*rii/iiii),rnmiit^i'yii> ^ i 07fr-ttw trr^-nnm 'tT ^ 'T*~'miiifTnn^fiT irtiftmriiriTnmiwc'V ^ i ^ rti n w mnr'TjiiTffi'ff'fnlihi v» i» ^ ri U'ninnrfi-|-«wi----n i^n-funn p-ur^tifi ivni'
f r m * r>- <r«, ^ 1 ^T * w. fp * c- -t $tw to T t1 *^  ^ ^ t ^
\ j  S T » '  , ^  i  « H f  *  i  *► ^  U  i  v  &  } ( * s  J  s < 4  *  i V S  » n
s s
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This diagram represents the run-down signal 
shorn on the same scale as the 10,000 ops. 
bridge oscillator signal.

*iim Use of S' Irmiyl Oxalate Motinometer 
fi&e Quantity of light emitted ’fey & g m B m m  flmb 
diaeharge wm first' aueeesefully ! mmmmi fey dhrietie
sn
m i  Sorter using mi .llratiyl Oxalate Aetiaemt*?' to 
intergr&te the total light output of t&eir iisetarge 
unit between th& limits of 200 .an sai 4SO m 9 these 
limits feting Impesti fey the tran&pareaey of quarts- an# 
the limit of absorption of the oxalate# the feeliayiemr 
of the aetinometer o w  high intensity w m  short toa** 
tien illumination trae investigated and It wms found 
that the mothod gate satisfactory results*
larly woflifs in t&u field, of aotineim&try ineiuie
•‘y .  ^
is 1891 who first aooursttly determined the 
quantum yields for a gtrea region of the spent run*
J m o M 2- who in 1024 investigated the froCmeta of the
24
reaction* whilst Bowen an# itts“ r and Anderson m &  
Uofeinson2  ^la 1924 and 1925 repeated some of the earlier 
work on quantum yield®* the first preeise study of 
aetlnometry using Ur any! Oxalate wae» however* fey
heighten and ferfeea^’ in X$3$* they ohoae to use 
iteayl Sulphate as an aetiration agent i m  OxaXie Aoid* 
sines with these oh@iil.eals there is m  dark reaction* 
a wide absorption hand ofif the require# regies of the
spectrum and a negligible t«|M#rature ecefiIciest* fae
reaction to the presence of light also appears to 1# 
independent of concentration* m i  the - effect of added 
electrolytes 1» small* . tie method of analysis using 
potftuaslum pemanteMt# is aeeumte, rapid and
A praise study of the eeammtmtleags to- fee employed
p'f
for preolelon acttoometry was mate fey forte# an# Halit"1 
to 1934* fiia; itoto0h«lcml p«#u0ts of thm reaction 
under the influence of light- mi the aetiiiemeter solution 
w e  n o w  t a k e n  t o  fee $ & «  U O g *  UOQQki s a d  0 ^  ( B a o f c i * ^ } #
Ho other product# mm formed in significant quantities* 
atlgtiton M i  fort## Clot' ait) imm& that the reaction 
m e  9singularly simple to control** to m  wmk as*- 
3,* toe dartou Picadde need not fee eliminated* ^ranyl 
• Sulphate and Oxalic Add saturated with cartes 
aezKex&&e at ?§@ mm and 20%  g»w the #«# tltra** 
tion mine with permanganate as did setotioms that 
wctc m% m treated*
2* toctolyals in a cell gate the Bmm results under 
carton dioxide* or mlr naS in mouo*.
3 * tout the oonceatrditn of 1 ^ 4 )2
afeom 1©**%* f.li.i was atom fey the cold titration 
of j*rmmganate at farltis pod ©do of the photolysis#
4* fhsi forssie acid jproduced In the reaction mmm
net interfere' with the eeaeeatratieiie obtained
tn the :utiot©l4r0ia* 
heighten and I'orbea imot* tern era two coefficients of 
1*03/10% by confwisom of the quantum yields at 366 mil 
ail III tm. at 21% ant# $*8%* Onlllce aaay jrattoue 
workera they calculate the trapemture ooeffieiente cm 
the baale of the rmiieetive aheo? tione at 9*i% and 
?6°v. Fortes  ^ Hei&t (loo sit-} concluded that if 
Prenyl Oral ate am# a»Xi© Acla were euhetituted for the 
Oreayl Sulphuric an# §»lis Add used previoiieXy* p*e~ 
feicms of purification m®- greatly simplified and the 
quantum ylelda remain uaehaii^e# for a m im tgm . of 
-• m unanyl oxalate and 0*©Ciff a ©mil© acid through** 
out the gifi!! epoctrua range* fhey noticed an 
mms&smm meult of the quant*m at t©§ *»*
la the present- w©rtf eolutiome of the i «  mmm^lmmM.m 
m  t'mm® of UfeMisti# Mi >wter were ueed* i*e* wOy# - 
ox&lio acid «i. 0 *0 0 1 M oxalate*
tr#oe#iir.e-*3
All aolutioxta w®m mm&B in ftiy subdued lighting 
and stored is the ■ dark* dealer grade reagente were 
used throui^out* the titration®' were aw;ri#i out at
bm initial- 85% to■'90% and'the endpoints were. observed 
through 10 of the - solution-©gainst m white, card* 
toe standardisation of-the permwga&at© was' against
sodium. oxalate* :-: : '■'■
Irradiation
flit aoiutloas were ■'contained In a quart® vessel 
and irradiated fey-mean© of 4 €00 foule UomeroiaX Flash 
Unit tod a Stroboscopic-flash tube unit* - ■ lort ions of- 
the solntloa wera wltiafirsm between flashes or series 
of flashes m i titrated - against the peroMgonate*. 
toother solution was irradiated in the #capacity complei** 
cell m i valuea of the ©onductanees'are recorded ©a the 
Oraph 1 k over* ; ' •
Results m& M&mBBim - -
.'toe results with the stroboscopic flash unit in­
dicated that tlm flash unit had insufficient output.to 
bring afecrnt any reasonable almngts' la ten aetinometer 
and it would appear that the use of this 
is not suitable for low Intensity sources ♦.- In the. - . 
experimental technique used it was usual' to determine 
the end-point of the titration to an accuracy of 0*§I mis*, 
ftiis ©orreeponds to an -error of mppra^iiately ISO flakes 
(# minute of flashes3# - ■ It la not desirable to ©on- 
tim e the irradiation for a considerable perioi#
1 *e* greater than 40 minute©.sines the - ■ lamp
itself becomes excessively hot*: AXtboo. a the heating
effect of the lamp cam. fee diminished fey a heat filter* 
the.flash apparatus itself. becomes ms&tisf&etory when
overstated* ■ .
.■toe results using; the dOO'J-iiait aai the XOO-O X
unit, art recorded in Orapha i6-7aa& the following points 
arise*
1* toe conductance of the . ©elution m ■determined ■ 
using the 10# Gf^ ops.bridge- and the-cell'1# -.falls 
regularly-'with quantity of .illumination# after the 
. . . first, few flashes#
2*- .toe threshold number of flashes feefor# the con-.
.; Aucteace begins .to fall, is approactoately 10# whether 
■ or not heat .filters were used'
Beralts using the Medira Intensity Source - . ■
: toe-approximate output of this unit mmiing at 
2*7 Ew m i 250 mfa is *80 1 end the flash can be over­
run to nemo 3*0 &  ami 1100 S* for a series of ex- .
perimemts ■ on the light, out-put the unit was run at • 
approximately 2#7 Iv* ■
recomposition of 0 *0 0 5 Oxalic .Acid .-■ me an value. over.,
10 flashes* , ,.?... ,v;: .,■■■■ ..-.0*8" feeespetitien* ■
Assuming; the quantum efficiency of 0*55 (Christie m i -
iorttr);; . _ r;
Ifu&ber-of Maies decampas©# of ex@lio. acid
■,.. ; » 0*0008. x.t* 009
■m 4 x ICT^ Males 
One mole cantatas i- xXO 4^  molecules* •■ ■ ■
■ .-Therefore me* of molecules decomposed-.
: * i s acrs x 6 x i©27 /. ci#,55 
= 4.3S x  10*w spenta /.flash,■
Using 3 cm cello* -Ohafi©tie and farter found'40^ 
absorption -of radiation, occurred*. . The cell used far 
the preeent work was 13*4 km long and .as a first.' 
approximation the absorption, .was taken to be XOv/# - 
The aetimometer solution in the cuvette integrated the 
light impinging-on the cell end the 4*3® » 10 quanta / 
flash it* -in feet# , a meea-value far the total light 
emitted from the tufee* - On this basis the-light falling 
on the--- first face will fee twice'this latter; quantity, - I*#* 
- 8*72. x 10^ - quanta ■ ■ 
faking the mean value of - the- light wavelength m  360Q A°
fatal number of. erg®' produced par- flash-" ■•.■•:■ .•■. ■
■ * 6*554 x lO**7-. 35-8 *72 x 10^* % ] i iCr^ .
3 C ***.
7
«i'4#76 x 10 ergn per flash
the Heating effects -of the 81 setose on solutions- 
in the ■ euwtte -^-- -
■ fha' effect ■ ©f & ilm ^i discharge- oa ‘the solution 
u&der -test is threefold#
1* ' fht solution im the cuvette acts.-as the dielectric 
In a eon&euse? end' a# such receives-direct • electro-*
magnetic pickup from the soureo Itself #
2* ./A themal ehooh wave’passes- tbrsa'- the solution 
sad it becomes heated sdi&b&ticaSly*-■ acre is 
■ also:.a long tern Mating from the mantle of . the
■ source itself# hut this is normally ohXy slight
■ and only beoaats effective when -the source is 
allowed to.overheat Itself:considerably* .
3* •■ "An actinic light front which irradiates the 
. solution m m  causes any photolysis to occur* ■ 
fhese three phenomena sro us^ortunaiely all detectable 
by-the bridge circuit employed,and only the first can 
be eliminated# ;
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Three terminal bridge and cell
' ■ fhs heating • effect m ' calculated -.hy Majumy mM
■ imouats ..to a rise of Bmm- icf^%ami tlis . - 
value agrees with both the-results -obtained praetically 
eta' ^ neutral* eolations- hath . by the authors, and lathe 
present work* ■■ . ■-
injury■ and MeXyiXis determined', the temperature ■ 
rise- W meaus of the" conductance- o ) ? ^ s  of solutions 
in aromatic solvents ■ of. sjUailar -ooaposition to those 
finally to he irraiiatei under the photolytl© testing* 
this matholms mot found -satisfactory in the present 
wcalc, since all the aliphatic solutions’of similar - 
strueture- to those- employed:■ as solvents-were found to 
1# photCH&etive 'themselves* -'■ - ffce oscilloscope traces 
of the".irradiation of acetone* ■ methanol- and' etnaaol. ■ 
are recorded - in the section -©a polymerisation reactions*.
- A direct' measure of temperature charges was there** 
fore sought*
A Wollaston Wire was- found unsatisfactory for 
temperature 'measurement* since-it provided a conducting, 
path in the capacity coup lei cell and made concurrent • 
measurements of - the temperature' and the dielectric . 
m m tm t- impossible* - fhe response of -fhermistcrs was 
considered - to he too slow, and for this reason the
CALIBRATION GRAPH OF A F 2 3 1 1 /3 0 0
' STANTEL THERMISTOR
SLOPE G> 2 CPC 
210 n. °C"'
TEMPERATURE C
-4 0 20- 2 0 604 0
v':.; M  . has. already: -’be- stated, these.results-were . 
not inony way ■ quantitative but ■ocarcespo'^ ed to a ; . 
temperature eMai$ of the order of ■ 10^-"IcT^C, and- 
the heights at the'; standing ws^ts decreased with die**; 
timet: and- the.. specific- J&tat • o f ; the soMitem* ■.these. 
responses. wore, deerease&jbat not eliminated by. a lia.at 
filter*. ■ $b© ©olirsnfs-. ■ employed. werir Seihmmal, Oydlo- •' 
tosa® and Ulyeeriac# ■ v ■ ■: ■ -
■■■■■■.■.-5ii0.relation between tlm heating effects of 
gaseous .discharge and the probable photochemical activity 
was dieeusgod .by lajmry. bM- MeliriiXe* ■ ■.
.:..-. - Using Simraiti* TaXues. for mmm&lttm& Btjrrnm
photolysis .under similar intensity m&iatioa - ■ ■
-lifetime-.of radicals about 1Q0 seee "
-.: vphotolytlc' reaction rate XQ"^ seo**^)
: primary ^mastum efficiency oi.10**^  to XCT2 at 
,* ’ o
:, -..■ 3600 A ‘ ■■ ';■
. '■■-■ .■ andheat of reaction 20 1- oals# 
lajtary and MoXyille found that t M  ratio of-the ©aorgy 
of radiation of their photolysis matt '(So & cals* J. to the 
heat of reaction was 210' time® the quantasa-efficiency*
■•' -fhis means practically#' that for the low $u&ntisa 
efficiency■reaction the thermal effects will outwalk
any other/effects due to re&et l m  i£/t&e' method of 
laoaouremont. omployo ■ fiielootrio • e2iangos* -■
Fereenlnvand the effect of direct el fctro’-iisitio 
. niol-m;> on tiro* c.evsctor from toe llaok urx'c la  •
' •;'. O'OfCCS'tll oil ■ ' • ..
Wrri>,t#in n
t&cn the “electronic flash*1 unite 'employed in ■ 
this work- (i*e* th® Haw© Hastrumeats ntrohofloed 120X1* 
itoiamgkam SQQ'Joule- unit* and toe Medium Intensity 
XQOQ Joule unit} are discharged* a very considerable 
electromagnetic signal'is generated* ■ fkto signal, is 
sufficient 'to trigger the;oscilloscope beam .ant will 
mask most other effects* fa eliminate this■signal- 
it was first neecctmcy-to measure it' pre©isely lota 
in. time and intensity*- : It "was' thoa eliminated by 
elaborate screening* ■'
She capacity coupled cell; was placed to ton bridge- 
circuit and the "oscilloscope {Oosser 1049 Ik 111) ad­
justed across to shew am “off-balance*- of th® bridgt*
She cell was illuminated If the atrabofXeod • (law® 1201B) 
amd 'too oscillascope: was ;adjusted : to. *erter»al trigger**♦ 
the frequency- of to® etroboflood was -then adjusted to . 
give a stationary wave signal: (figure 1 9 4* • I M i  sig­
nal varied with the - c^aol'taac* to too detector circuit
m &  was of the" oharacteristic fora shown'.by the' 
oscilloscope trace® of figure/1 9 She intensity- of ■ ■ 
the' signal;varied* showing.a square la# relationship ;
with respect to • distance' and it; warn mot affected ■ 
measurably by the■ interruption of its direct. path by .-, 
non-conducting screens* • - It was* - however*, diminished ' 
by an' earthed ■ conductor held between'the lampand the 
cell.* - ; It was independent of . the- flash- intensity . m  
was shown by the removal of , the condenser-' hank from 
the flash' circuit*- •:- f his ■ latter procedure completely. . 
eliminated ■ the: flash • h u t 'had mo, effect on the intensity • 
of' the signal * ■ Keaourememt s on the stationary-wave " 
oscilloscope'.- trace gave -t he duration -of the - signal ■ as..
7 x ie~4 ; seconds. with: a peak voltage-of up to 18 volts*
.Elimination of■ the,signal :
<*■--------------------------------- >— 1— —  -----------------------------------------------------------------------------1—
t Ihe. signal: could not m  -eliminated- by merely 
screening the discharge tube,, requiring for its total . 
.removal the enclosure of the -entire-. flash - apparatus 
in an earthed metal..box* - fhe earth- of this: box was ' 
taken as the same earth.point as that of the detector 
and bridge*'and in this way all.loop circuits were. 
eliminated* - fhe lamp illuminated the test cell through 
perforated aluminium, screen#
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flie 0onduot«®#; Collst for tl*o purp-oo®-of tMs 
soction* will Xu classified >&$ .tiios® consisting of 
. glass- war#'ami platiimm along*. m l  those of glm& or 
■polythsno.with eorrodafcle att&eteentst ■
I* . 111 tl«v^ /^iwrntrs .
, M X  : t r m m  -of grs&se mist X# roaovod aaai fli@
oleaaains agent mBt not Xaaro any alserXei material
on th® ©surf mo* to which 1% is applied* . ftiis is 
particularly important in ttm e&a® of &ppar&tus re- 
quirod to hold' solutions of ©tyrono* Xt.r-r cho^i 
that- tla# styreas was. vory rapidly polyrorissd 'fey tlio 
walls of say apparatus .prewioualy cleaned with c&rontie 
acid and insufficiently rinsed* ■
. - Tim' g#n@rM proessduro adopted was as follow# i 
ttie glassware- was first-'rinsed witli Monatured* - spirit 
m i  drained* . Coaosntratsd.Mtria aoii was thoa added 
and the so-called *l*ilditch reaction* allowed to m m ^ *  
tji@ reaction products were found to remove'greas® very 
effectively# . fhe a^ur&fus was t h m  rinsed with hot 
water and finally with * conductance water8* from an ■ 
i on?**® r onanij® column* €oMmstans© cells- wore soa&ed.
for periods -of day© Xafor® use and then placed crer a
etoam jot before .finally drying in a desiccator*
2* ' ' §1 rrm^p! mntBAnln® ecrror&M.® element#
: -fhe capacity■coupled coll .presents considerable 
difficulties to complete cleaning* She.capacity 
coupled call consisting of copper hands wound about 
a boiling tub®.fitted mi%k a Qalcktit sto^or (see 
Section f I was hot classed from particularly adhesive 
chemicals* but * * discarded after us®* f&® faarts 
end*plat@ cell (Cell X) end' the 'side-em (Cell - 
casnot ba treated'ttos* - .
She" aloohol-nitrio acid method used for the all-* "■ 
glsas apparstui cmsot X# uasfi. in this ease sin## any- 
coyrosion of the terminals of the cell' by acid,or 
acid fumes severely impairs its ; functioning* . f fen 
attach of acid fumes was minimised by covering the 
copper bands of the calls with polystyrene*' ■ She method 
finally adopted for cleaning the ..cells mm m follow©i 
the cell wrna filled with a mixture -of caustic note sad 
acetone ant allowed to stand* She cell.was then ex* ■ 
te&sively rinsed rnni dried in ea air oven at 60^ -CU She 
cell was blown out with dry nitrogen before use#
M s  method proved wr y  satisfactory in as. much 
m the cell constants were easily rtfi^cluesbii* .
- .-1% ia.firj important in nil capacity-coupled■ c e l l ' 
measurements to keep the outside, - as well "as. the inside, 
of the cell?dry and clean," in order ^to • eliminate alteraa- 
tive p a t h s * v  . -. -v-
<p^ of tlre "interval** -
The ^rief fine intervals used In this work have bt©ii 
measured;by-three-methods." ■ -. In. th® first, -the" time para­
meter is introduced 'to the reading of the oscilloscope by 
the rapid movement of a photographic film past; the ua«* 
triggered beam*' - The output signal of the bridge oscillator 
varies with .time md the. movement. of. the film past , the' 
varying beam records this -change lira dimension of length* 
The sensitivity ■ of M s  method depends on several- factors i 
1* ; T im  maximum '*gaitt* or brightness"-of the oscilloscope •
- fail, the maximum speed of; photographic 'emulsion'used
- to .record that beam* .-.■•-. V; ;. •■ v- •-. .;-,; ■-.-- .- - 
2* , - The maximum convenient. speed 'of the film past the
3-beam*,-:.; Ills limitation is largely .a'.practical 
.. one,' since without vary special..provisions ;for- '■ ■;
. development,-©ad a special film carriage, the 
■"maximum length of film which -could;..fee. easily ..„
, ■:. : handled; vm two -yard®* ■ . If tiial ' control
'..■■■.for-.the m i; the: film would :-©liminat©- '
:- ,,; : film, '-mid therefor®; inereus® the prmotto
•-,■•■ call® ©peed, of .drive* •..This ©peed-cam theoreti- 
;.tally to increased until limitation. a#atl©n@i 
mi®3* 3* .becomes apparent* ' •.
3# T M  maxteam msoXmiian of my m&mxm mt i&- 
. .limited' W the toacptiicy of the- oscillator*-'
" is this.ease the oscillator is 10*000 cp& 
sni therefore - the maximum resolution possible 
is 10^-©eooads* .-•.■•;■ •:•;■■■': ■ .
TM ■ second - method- of measurement Iim - been icssrilsd ^ - 
to detail to the ©ub-*se®tion dealing with.-the design 
of tbs' medium intensity dieobnrge-'uait# ' - to this 
case tot oscilloscope trace is triggered .by on® 
pmtot which is-followed in a variabl#..peried■ of. time­
ly an operation puls# which triggers the discharge • 
tub®*, ■ The effect of the discharge is followed on - 
to# ®mm ©ingle scan of to# beam m the 
of flit integral bridge* .fiat totervnls in. this ornst 
©re taX®n;.f3?om- ■
1# .4.direct otmpsriaoa with the teown interval'
' . . between the - beaa trigger sigaal to® wsimmm
f *. ■ Wm -fiirtotlf ofes&m&ia &$ ilMi lprii#r
/y: ■ '■ - v • •
I21 1)0tli ■ tue mltimai® retolmtion of t&o- latiMi ■
is t&e of %rii!w0i"ia4 t&s tiltimcta e&oua?&ey
lim itation is • that; of ^  Bts&O&v* of- *' .
flit third tmtimi Is ttet- of tha stationary tipisl 
imimotd on t§  ' tSm %  a atrolrasooplo - -
stiml&tlozu'' IMs rsd&oos ths 'problem to'.direct 
oomntinf of
fha a&aiasm: Zen^& of'tiiss that thosa mstho&s oan
mati i s  BthmI 30 mimrles *&th tint M m  film ' ■ 
isethod* - I n  tM s § ia i tho driir# motor was o a li te tc d  
against & -standard stop**wat«^ i*; ■
flit. ^ rri2r€i5€nt l^esr Ultra fialet S^ eetriag|
fhroo sopsraie pleats of apparatus m m  ttsaci*
It- ■ fh® Vn&mm S*t# -600 £.* octrophotamstor reading ■ -;- 
: between 350 uni 1*0 *■ m/a* ■
2# ■ flit: fnlasis, * 500 Speotrophotasieter fm iing  
between S9§ ■
y /
3* ' flit llilger iptkfetr lJff* Photometer rtM teg  between 
230 m^nad IfOOO i^A is eonjimetioa with a Eilger
iae&iii&-quarts ipaetro^r * *# •
Si?1 O'
fuse-of-these three-methods- in it 
of spectra follows - standard practice 
be greatly, elabomted In.-the present- t! t'<
threeM jss^ jSt:ustlon ■ of
tmder i test is1 eompartf - with that .of ■ the solvent slant * 
-from flat ■ of-..the ..test
*»■ tV*orption spe
of- each: test BolMim- 
that: Beer1 e law- was. applloable * 
: fhe usual fraot&rt: is the 
was followed* -but- particular: ati 
points .listed helowt- ■.-/.■,
, w i-P S -©  9.
a.was paid ■the
.fhe eleauing ■ of tke 
rttmfrti very careful « 
to .absorb - completely ■-&
clea methods fa*
u : f&t ftiarts eeUs ■ 
mming i f  they were sat 
iw 230 m/^ * formal^ 
by. rim in g -*3peetro*>
aeopie* onrbofi tetrachloride or hexane were found 
mac luata * - . . f he. external: surf aces. of .the - cells 
were ..then, polished -with, lens tissue#- flit lower 
range, of -the spectrum# i*e* 200-t30  ^  could-only 
be. reached with the ...1 .and 2 mm colls# fhose .
mio solvents .employed..required 
I^po&easaic syringe*is
2 * • /f he absorption. ©p eetram of. volatile, solvents ' . .
■, . were measured using a email polythene cat an
.:. ,the otil to prevent evaporation# .
3 *. ■■ Parti ealar ■ m m ' tstoa with ■ eolut I ©a®. .having' ;
■: a possibly ns&^ksmoseaeou® nature# all mmh 
■ ■ ■ ■ eolations'.being' eabjeoted to oarefal'.filtering*. 
4*- .. fair® of ceil® were .iaterasaliy’. oaSLibrated an® 
■against the ether* ■..,.' . ..
fhe -leftrpin^tian.of .Wear. Infra l»i spectra : . . ..
fh® apparatus used consisted of ahil&er leoor* 
ding Infra toi. Spectrophotometer fl ,* 
of Infra Bed■absorption. spectra were between wave', 
number® 2t Cwl osse^ and ?00 cma*^v
a * double. beam** .lustra
■wave mmtmr scale
flit recording umit contains the power-pack#
©eeillator.-.snd servo^e&pltfier a® .wall as.the- Cambridge 
Ei*£a~%eed .Pen. Beoarder*, ? i, -,.
IrincipXes,. of Operation . ; ,
: She . spectroneter -%n-of the Mttrow type mmi&ttmg 
of;a ■S0.,Int^rcBaageable prism-.of;rook other,
mat ertal* linked by err® md'levers m wav® number •. 
iron* -, th® progress, of .tath toiiirUual epoetrsX t«au 
i n  be i read. directly ■ from this iim* . 4 marker is
oonueeted to the. w&ve~m&ber inn aoupllfig &a£ this 
ialts the record pe^lodd oally; throughout ■ the eosradng.- 
proeees*. -..■ It is .ale©.; possible to Ink the record . 
manually at.any tint*'
■ A .reduced imagt of the exit exit is oust ©r the 
receiver and detected, by. a Sehv&r* .thermopile ♦ the 
tharaopil® crctrrenb is prt-^mpXifiti before leaving: 
the'.-Optical, teit*- ;
: fhe soanning is by a iiftrew Mrror rotated by 
a linkage ®n: the w&ve^mamber ©«*-._ this is turn is
iriven at a present s-® 3 ®®Xt®ta%X# speed by m s^ehr©** 
m m  motor.
: fix® phofoaoter-.of the wd©ubX© b®ast# type passes 
■one'of its beams through the "reference e@XX# and the 
other tbroug the *test o-tXX1**. fhtst beams art
XO l.
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alternative!!* Mfloatoi :c«i 'to t&©- o&tra&o© slit of ■ 
t&© ^catremeier &$ a fre^memejf -of 12+$ ©y©Z©a$©x ■• : 
seeomt* ■' •■ ;/f&©; of -em&gp- tottfooa-1Mm 1:
two Mama prefaeieim &#£*aigpaal .at tho d-aieeiar 
iMeli-is iritoo- a pMm m m iM m  iierire**
motor o&pa&l© of - osarirellimg tfet gMtier atortmro * '' - 
f&© m  tlist tM'totsmaitj of ■ ■
radiation iaUing ©at&o slit la i&o name £&'fh© m*» 
i^m nm t M  tools lasm* • ’
M i  Yariatioif of iMifer position £a a jaenaurt 
of tli©' ■ of ■ iHt ■ toat Mam witti' roa* vot to. ik©
fall intensity of flit' mtmBmt  Mom# ■ "'ftof' £©* it  ■ 
±0 a r n a s w  of t&© fSMtEfast traasmiaoiosfc of 1&© 
wfeti laaa** 'sai M a t t  of. tit *Hfcoat/solution**- 
' Ttm' aia© -of ©M^ tur© of th© referent# t a  ' 
ais?03? is reoor&©& ti'sii M l t o  oa tb© reoor&laag' 
etert*
'ill t&a'optioa uao&wore of'’roo^aalt* «*&$ flit■■ 
tells liai x©ck**aalt ©M^latoa*
flie followiisg.' .point© war# found uooooaargr in
using t&© oellai ■ '
X *  ■■■ ffia tells were t bMbb & m  t&olr dosiocatoro'■
after gm tl? warning m l e r  an/ 1*S* lamp* - ffels
■ feat; t m , .©oils war©': atey© tte ■
turt oft&o room in fe@f wre. srposed^aadi
ttet-tter© was no .iModiato-oondeiasation.from : 
tilt • ©teOOpter©# ; ' . , .; ' ;
fb#. ©flit ■ w#r@: always.. tenditd. wife miter gXsyei 
. eni .filltd wife a i^ettraie .twinge* ■ fte
c . ■
solution© wort. romoYtd by itatl# euotion from a 
pump applltd to,tte toll, by fee .iMtfetai- of a .
■pitot of mbter.;pmtturt tubing* 
flit oltanin^. of. tbt ©tilt prottattd some itifieml** 
. tits* - -■' ■ If rtpo&ttd rinsing wife & writtjr. of 
;’tol.Ytats.prtYtd £nadt<:ustto a m o b  more tteborat# 
ttetaicpi# was tmpioyed* . Tim ©ritorion of ■ . 
olttnlinttt of ©my etll was ■ takes as a oompssm*
. tiro .©ptotrra ©g&imst a rtftrenot toll* and for 
•terlain oomtmiimtioms om  ooetlon. ■
of fee . ooispamtiTt tptetm m provsd .persistent,'
**i
;■ e*g* for polyttprtnt 1109 emt * Is IMs east
tba otll ted. to te dismantled uni tte
■ clttned and roground* .
flit ctlls- wtrt ©alibmf tl on# aw ,i^ #t anotter 
oompsratlwt r^eotromutod at tte.#£#ro. 
©QPrtetlon* of fee m X l is &ut©tlos*■■ .. -' .
$*■ flie outsides 'of •fee cells .mmt . be: touched . 
for dusting wife wvfei&j'less deli eat© fern 
s dry tall#' Imfe* ; fee cells;fe0uld be nferii 
. in a desiccator wben mat in m i * ;: 
fhe-oicar-tioa- of -fee- actual apparatus follows mm**'- 
vontional -praotioe and is quoted in detail" in fee ' ■ 
manufacturer1 s instruction ivandlook* •
fhe rrorwatioa of r.olution* • 1
Bn;ii iWTnif l iw>ijtom^iftmriii»wiirci1f,h t»iriiiiTn»frriiW irwrti>)>iW rnT^
Oonduetano#'tfater ^
■Sood quality conductance water was' pre,,w~ri. by' 
passing distilled■water ©lowly tbrou^b a column 
p&OJced ■ wife a mixture of anions and catxttfc^sfeaa&e 
resins| supplied by fee Ptrnutit OoA^cmy Mai'ted# 
■under-fee na~e of -wlio»r^  JUjrolitn* ' Using approxl** 
matelj 150 ga:* of resin it too four*! feat 25 litres 
of water could be treated before fee conductance of 
fee effluent.v Mr rose above 0*4 gtsifeos* -fee
conduct***** of’fee water was ■ determined br platinum 
electrodes sealed Into tbs base -of fee column#
A ground glass m m  w m  uatd to stiafe fet ■" 
apparatus in use directly to i* v base of feo column* 
feus allowing fee- tasting of water of conductance
less,than 0*2 gaamlios*.
■ Several litres of water ©stained frosrna o o l m
of tliis,..design, wore evaporated to drya©ss; apd.no.;residue
*51 30
was detected . *...., .,. ft has -• also- been ** - ttiat
conductivity water obtained from a conventional 
Bonrdillon still and from the ion exchange method gave 
•the same conductance results.within normal experimental 
error* , ,...
Acetone*. , ,. . ..,
■Commercial aoetona 'was fractionated. in a Quic&fit still 
of approximately *0 theoretical plates. . i‘iie middle 
fraction was further fractionally distilled with fot~ 
as alum fermaa^&a&t® for a ptried of not less than four 
hours and then dried over potassium c ( anhydrous)
for a jxiau! until r^uired* . Under normal, conditions . , 
iatoiu-o wore  ^repored directly before each tmdi¥idu.»l 
experiment*
Immediately before the conductance, runs the dried 
acetone was. fractionated into- the transfer vessel 
using a column packed with glass helices * and elec­
trically regulated and heated by a t~-rivm ntle#
The inlets to fen® column were isolated from the moisture
■■'of the air by drjtof ■tubes*- ■' vu;. ■■;
lot®c^inatldns • of ■ the water content of acetone 
prepared in this nmitr by -the torf iiieter apparatus 
■shovel that wstor could ho practically excluded 
•{lewrsnoe}# ■’• itos author quotes' that • t&© eon toe-* -:'• 
tanoe of the;aeetone should bei ■ - —
■ . : :‘ C.02 -'■ 0,04 SS 10"Go.'ji:o“1 : :
■ In the work dtseriXci tii# conductance m i  'laal t,a 
s criterion.''of parityt but for preliminary altek th* 
following tats m i  found useful*.* ;;' '
■v -i Xtsr^ ricoa' Itvww 274~275 -
: Boiling Psiirt, H a l t s  gS.l ■** S5.3°S at 760 a
*  , *  isiinoX :
: ' ;'dlthQUgJi;.'Acetdne m s  found to be •■■a .useful sol- 
vent in many c y u -^  cute the presence of the carbonyl 
group in thin, solvent lento in m m  m & m ; to direct 
eolvoat inter-actions* ■• .It w m  therefore' decided to' 
use'&ethe&ot for some of the work# um it tea a'number 
of * Cvcniioj^.
lV- • Mettenol Is n p oler solvent.#.' and a great toal'
- ■ in' kmmn about its' struoture* " ■ ■.■■ , a '"■
2* ' ■ Its ■ purificatioa can. Xo' aceanplitlioa to two ■■■
■grt-s^nsf. ; tfct.final stage Icing aiirriti out 
immediately before the ■fr^ c*5** - ;nt*. ^ v;
3*; I'cthmaX is #MaivwM^ in reasonable■...
..'. •■ . purity*v, ;,
With., these in mind-the/ori^n&X SacXto frequency
bridge'.was;deei0ied to ■operate wtth.th© capacity- ’ 
coupled eellt using Tsettenoi as 001 vent* fho ; .
pmri.fi oat ion of the solvent? has been the ©mbjtet of 
considerable reoe&rcn* . X* §llXo^\ for the rr^&ch • 
Sureen of standards ©>lleete& much of this dsta in- 
1939. fsuH..f sa.3. forl«;f3& 10-1903 dialasd it should 
be possible to reneve all the water preeeat in the 
eftiiXibrimm -solvent. by fraetiemattem alone*. fhty 
added sodium.-to ■ the .fr&otfeimted tot1 end and fomd 
»e improvement .in the .pyeduet ** l#ft 64*71° 0 aai 
density 0*81001# •.■...B# fellselsiiit ami t» X using 
the ■.audio-frequeney conductance as a measure of 
purity.obtained em.erfcr-xol&ted value: of ■ the epeoifio ■ 
conduct anea * Walden# toll eh'and liasch^im XfSS
quoted the epeeifio conductance as #*3 gamsolio* .
Oillo. {too sit) .also m fm  that apart from flit hygro** 
seopie n&twr# af the alcohol*. .It ie also. photosensitive 
.between.ISO mM ? js and thermally semsiiiv#. t0 ■ fesm
methane* Marten diojd&e-and aeeiona*' . ■
18
. In Xuur yearn Bram* Grinder -ar f . f us »IS
used active aluiaias m s  finoteoimtioit. ms 'a measure 
of purification# uni oteer notLoot using desiccating 
ami ion exchange iv Xuve teen quoted#-, 
ferns and M e  ©o^wortere- 'obtained a ■ eouduab&nae- of 
Oil to 0*03 frun v* Memo gyrations gfter iyyir
over fused Mma*'
-’ ' f l it  atruotmno of I/lateanoX .has - also given rise  
to much speeul&tiosdu ifec&Hr* in 1 5 5c sungostgl 
bMmtMmlion of tee calvcat to assembler tea lads 
o.f .basicity of water, ia tte alcohol*- : -Solow&t and 
Soatm^ and Gadek. and fmsss^ la 1355 had-1354 used - 
this H-loniius postulated V  XxoL® t e a  qualitative 
way# toexiteto 'tea interaction of the; water'and 
partiaXXy t« tea ^orystaXXina11' .alcohol*' ten Cna** 
published o ut a plated by Ref.42 ) teotet -teat tea ■ 
potential terrier to ■'hindered rwrtetxon e'lould be 
XIXO oaX/mol# - 4 tmismary of .the praotioal rtsulte 
.obtained in experiments ■ designed to shew tte atruo* 
ture it given, telow 1
1 &w»; 'Mil w
i
■ &4&
' - -QMcl ar-^M-*#%*&*
■ &©/&©
■ con
1 nstqJ» J fi *y
Sralea*** 0*v'&? 1,423 3a, * im <J
■*% f
1C7°16*
. 1953
Ys&tetns*.
109O2*VS,**!** & 0** 55 1*427 l+CTj& 103'"‘52
Gorfiy
tlXcvo ¥&?$
■ 3.355 ,,
1,42®
2Slaotro»
£lf£3?&ct*- ... • . ----1.
■ a s a l f t i s  i t  %la« n o X o o u la ?  n t r a n t r o a  c f i i m  
a lc o h o l  I n  £ lr > m  V  t*« c  f o l l o w i u s ^
. ;  ; n * U m *  W M i$' '
i%mWL®& e&3 loxxslmn) &94**®
> aai
iT a s l i  & n 4  P e tm is o a  (S to re s  i r t f e - i t l *  X  5 3 ^
* IB
f c n im t a r ^ ^ r l t i  G o r d y *  l'L.-^5 *
; M m ®  s a l  0 o r& y >  I 5 3 i ^  .
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ffae f’uriflc&ilon tfethcaol. ■ a; : qa,
■•. .file method of Ilortcm and I'oxkrO #: 1934* was ■ used:,, 
for tMs work#- . /-a- h ■'
- 500 mis of rettaao 1 were placed, lira flask with , -.
21 mla of. redistilled .furfuraland 60 ml®.of. l* caustic 
-cmi hoiXefl under; reflux .for six to tw&lm hours* 
ttm resultant mixture was ..fractionated ■ aad then fcottled. 
in the dark* •■.. .;■ : . ■ - ■ .
final; purification, was is' a four-foot glass-helix 
packed column from a .Cfrlgnard reaction*-qy • a- . :
The Determination of .the Oell of the Pells.:
'>• la tmoh of -the work*. a toowledga of.the exact cell 
constant was'not necessary*,.. ,..fh@ Eartley-Xarrett cells.
war© used to .determine .the ©o^ *t2t&ace of stasesrd . .- 
solutions* and. these solutions used to ^ determine. the 
constants of the. capacity cells*. c.- „.-..v; .^ :
fha Hartley-Barrett cells were. first Mows cut : 
with dry.. BItrogen and then filled with eondnctiTlty : < 
water* fhe calls- merm then allowed to remain in the oil 
thermostat ..until there was no. farther.change in conduc­
tance# If the stoppers of the cell were functioning • 
adequately this constant Talus was attained when th®
54?*
dell M S  m m hod t f c i  e uiliteiua with ttm oil**
%&th m &  'rmrndmi. -im a $©a?ied of"
hours* It. ctd net r® ain constant #veami,£ ts 
probably Sue to irery slow lacreoa of tx© ateospSiero* 
flit ’mXm# of the eolvo&t G®&Caatii)lty. rxis imMrairtti 
fro© t&* oon&uotonco r^eacimsso&ia of tti<# 
clAoapi^.'aotottosi*
■ ■ l  iltik  aoluti&a accurate!/ tude tip from ins** 
oryrfcaXXieed pat&aeiu© el&eride&t i*I S mit 
added-la' 0*5 ga fu^fcitiea-fo coll t>y nea^r of 
a m^ ighM end-the m$mi aelX ee&aiaaat dates?** .
nisei bj eonparieou tith the CiiecXoT^y values at 
the ©a o 00H0iatratlOii* ■
: vfliis# eaiutiona M  tawa conductance wore .
.tim&farred it- the ofte oa£acl$y^ouple& chilli cud 
the mm? eonst&ais evalu&ted* ' Xiritit? mmk demo^istra* 
ted t’aat flies® constants vur# of iomMfml m l m t  is* . 
at meh' as it Xtoam® epptivesst that eiroii wing 
diluted, pots i ehlorido eoiutiouOf t o ©alia tfera 
s® leugoi? :'cap l^i^ ^ouplod» Uds aspect of the won*!:
Isms already tmaa dir exceed.
¥' o l^^cen flo a V y l hr.lSds^ s cod thiourea
ii fc ~ 11.-t o-rl% r ^urovKn B-:it'tP
;. re&et witlfMomr#a is dilute.
aioololLia aeXiatiou to. yield/the
. ^  ' : r l
t i j ,  4- . < MX _ v 1 *—!► I A.il£ ** 3 m # ** **"
IMs &m .in ®*m eaoe3 000^  at low ten**
per&turusi and ei&oe if ie 0m# is wMoti ea?*3Umt 
lioltomle^ swot to f o n  iouio product* it wamM 
uttn a» Mfal care far re&ctio-m mti study %  0012?** 
duoia&o© ~*wt* of** •:
there_ are is ttiathods &gsi&st wMtli the
Mattie ea^erlmeat u&iug conductance si^it It deeled#. 
both elitaiesl mii physical*' ■ fhemost a~r,Akl cacai- 
oal eatis&tiou of fat: reaetieu progrt®-iioa would %# 
flat t^ r tie fora^tian;»# estla&tleu of to t crystal-*- 
Xi&a derimfiTs# #*g*. fit pieratesu . fit Ultra Yiolet 
afcoorptieu spectra of the re&ctiow oo&atituesis sa5 
produets provide a rc-*u/ me»s of identification* 
fcrisg- the course of tit werh* iute&ded as as 
estrcisa in. the icoihoda to be ustd l**cr* result*. 
were published. of worl om ©teetXy tfmiiar line.® by
APPARATUS FOR 
PREPAT I ON OF 
ALKYL IODIDES
IODINE
PLUG OF 
COTTON WOOL
ALCOHOL
> RED PHOSPHOROUS
Tecera and ■ tilts already o*
agreed wife ttooee-ef .ttoese .latter workers ami flit.. . 
m&k mm omriaiisl*
,**- mtioa of ,fet AV^rl .Iodides ilefeyl* ■ ItllJ'X ' 
m ^-nm m l propyl iodides) ■■.- ■
f lit  iodides m m  prepared i f  t&« iittted  quoted 
toy ?og®X®*% 'TM Bpp&mtm U0t4 it sbewa la  figure 22 *
B Is  a £50 ©1. boXt^ ke&d- flaeto uni B in  b  60 mis - ■ 
tap atity  dropping ftnmol wife. in tegral elde~n3?m to tin g . 
m m Xy**pass for tto© tap* : A pin# of glmB wool was 
placed at t lit  las# of B diwetly above ttoe tap.!* 
flit aleoteX ®ni purified rti^ pliosplitromt were plucni' 
la tlit flaok* and tit iodine la 1 wltn t&e tap A 
closed*' ' tte fl&eto was gently boated asi tan aloolsol 
gradually allowed fa d is t il la ta ' 1* then sXtotoX 
safersitd w ife iodine ted poroolatod fa  tto© tefo of 
l*."fe# Mating wm tisooatiimsl and. ,tto© tap A cau­
tiously-opened# ■• 11# reaction that followed ti§
vigorous and very sllgtrl %tafiaf was to
maintain its process*’:'' ?
feta all the iodine toad lean transferred to fee 
reaction floats and iodine wapour was no longer
visiblet all tint 5 mis of tee mixture were dintill®# 
■ Into B with the-.tap A oXcaei* . ■ fh# a#par&tu® to® ' 
■then.dismantled -and t*o impure■iodide 1*1111 off* 
teter was added to tea remaining 5 ml® of residue .' 
ail this was distilled*1 .into the- hulls of % *»
solution* V'fho iodide ws® e**c;en with water# 00a** 
eentratei itydrsoMorio sold#: water us# 10$ sodium 
carhomt®#. it was thorn * t  otioastii* ■. -
\ ... ...  —
Iodide *
Quantity oft 
Alcohol Xoiina Ihesplmrmin Of . ■: 
fraction
spectm
lefer*'
Methyl" 38 gas Ie7p.*n S#t? ipia #2-424 5 99*
Ethyl 53 £pa ISTcss 6 *2? gae 73-73’ 99o
n^fropyl $8 pis 2C0p;o 21 #0 pis 102,3., 4M#
fhM iTir^m ticM oftlie e-rXJovl-t ^ otMo9 ^  
hydrop al or a a as .
r^Ku recorded pxwpararttom of the *»®3J
thioureas is h y ;f©ylor^ 191?# 'using te# ailcfl 
nitrates as a starting .material# lanilof m i  
Mteimsldti - in Xf5i reported a propnration using 
L* an# this method mm follow## * 
is iodide w&s dissolved in a minimum of i- 
alcohol b M  the calculated amount'o f t  MmAiCWlifr 1
thiourea added* fhe mixture was heated for Xotwoen 
20 minuter and 2 hoars cad -the. resulting mixture: -• ■ 
concentrated# . la the east of the methyl compound# . 
crystals were formed easily and these were recrystaX^. 
Used from acetone* ■•
fhe iseitiap point was' U?°0 and the Ultra Violet 
rpeotrum wan recorded (Sl&are 24)* ;
fhe BtliyX Compound crystallised with difficulty : 
aiii was never olblaixsei in an absolutely. solvent free 
stats* :- Its• melting point•of 58-6X00 and spectrum 
ifigure 2:>) was-recorded# a .
• It was noted that th crystals of vthe methyl. com- . 
pound if allowed to form very slowly# were of .very 
considerable si^e ’end possibly contained solvent in -. 
their structure# - flic ciyatals used in the measurements 
were those fomcd rapidly and of more moderate sisau-
Sceetra ef- * .'ounfn r*1 in the preliminaryi fjpin V  m.<.it)n.i ' hi. ■ ^I' wifrnu iv  ''»ijiMiiLiin;i' i i »v irn#'w#T#imniy>itr.rrr • r f ^ -  n. m r r r "  •‘-— r m r r n i—i~i--^ -'— n - - ; - , - - ^ . - - ^ - - , ^ - tt iT in i i r i‘ r f lt iT ^ -~ ~ r~ r iiinfTiii~*^ ^ , ^ i - iT '- ‘,---'r^- -   - r m  -  -i—r r ^ r r
invest 1:.; i ?_
•The spectra are recorded in figuras. 23, 24 and 2>*
■ Solutions were made- by- repeated d ilu tion  into ; 
ampules and concentrations wore evaluated - frost' *wi it 
determinations#. . C
L
O
G
99a.
U L TR A -V IO LET
A B S O R PTIO N  SPECTRUM
THIOUREA
LOG c 2 3 0  •
4*2
2 6 0250230 2 4 02 20210
WAVELENGTH T
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23 roprooMfcs. tui-mmm . ■
■ ; ttoxUaa at 230 •'.
: am xti& im t log"*;4*2 .-. • 4,-
fliprt 24 rer-ro&e&ts t o  spootruai of JLotlyl Ccu^lut
.;■ - lusisma 219*220.
;:-. COCffiCl&at :0Q - .
fig&im 25 ro*rooe:*t® t&© S*ectxm of stfcji cos^lox
fSai&a tattaetiea ■ ■ 
ooeffloiest ss* 1080,
ilbfeaifft nWjg« m 1
■ An&lfsis pf %hQ rpmt&pn tar of :.
oOoo^tioacooffioionto would t&oroforo. n#«m fearsitel© 
fit.,a oov'iOomfcle wislitinf of ft» eoeffi*
ciimt of th® t&iouroa at a ta-Mt of Xlt§% attest 
■that of t&o oasa$&ox with i. u l i  of ssac* * t t&© 
ussst M b# of 230 f&otiit&to® Mar ro&otloa rat# 
©aXeulaiiOEu
■ : f 100m  nM. fisrtottf vl&t a 0*1 1 ©oXatioo of.; 
t&© olhyX' halidoo rai §*X It tfct©wr©& im m&tmm €#- 
te»iao& t&o rat# o»^t iti for th© eoa^ loaE f«r .tioa 
tliay t&o »ii# frotuoaoy ooa^uotiiri%
toofa&louo for t&o.ldtaotlo so&our&ao&to o&i exvarcS
ih# -result 'agaimrfe:'m -.method upem :'gr&vim®trie
as&Iysia'of tlit fieratf €0rimtxws*:- -la-their ■ 
work they-meed a -nusa’feer'of tist 'halides ami.'oht&laed 
resu lts  eoMieteiit' With thee©/-whieh :teialready heem ■ 
obtained in  ‘the -prosemi wsrlc* ■ ■- .£h©. tass; of ' acetous 
m  & m V tm t M  -'©ritfieised* ■ sine©-it ornately
resets' in i ^ g ^ m  with the rtao taats m i  produets#
mz*
tZOTXon if.
’■■■■ T h e  e o l o u r e d  M f t a e e y a a i d e e f - -  p m d u w d  t o  s o f t i e  "
•solution Gjmi&m m  di&iaeHealts* ;
exist in two fora#*; ■ Thesef thm &in-* mid tTrnm**
^ • differ toih to thmir chemical
|^sie&X properties^ #*g* they
££» ft®*
tore iff f ertsri ■ speotra*'** **f t melting pei&t®' ami. 
i 5>d
dielectric counts®*It « - /
- flat traus- fora is the acre themed^amie&ll^ 
etahXe cad is ftmti from “Hit ©i©~ f m m  to totIous 
eolye&tsr**#.- EartXef^ reported that the cis** form 
m m  produced i w m  tim truss*** hy a phetoetomtoai 
process* tot a  direct defaoastratioa was not pdssibls 
si&ee fli# reaction route froetstoi fia the formation 
of aa insoluble o p m i i e  with too el«~ compound* ■
The method of preparation mi the compounds hf tfaatsacti 
aai to Iots froiuoel the els-** ooispouai which Is then 
oosrerioi to the trims** fora ©peataneeua 
tloa hy ■ diaseXvlng to earhoa tetrachloride'&&d 
emporatioii of the ro^uXtto# aolutioiu
the structure of tot els** aai trass** fora#
■ suggested' W  Haataseh to  X8fi were confirmed W
»•&
U
.61
thi
mM ttmr*- in 1938
1 * 1
ix * I'
:lS* 60
%%® Int *& Snu^Sfrii,-V *5» £
■ f to
.# m m m t ®  So t - e o ^ o m d s
£&$&$ ■ wHltor$ m  t —
■ Dia&o’fceja&fc&e life
S - I
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?
sis-
2 *9 3
Hk'
*& ££
.$  $
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I * * ' #
m . wlt-li 3?e©$0nr*lle ascur&ey
11 ¥* “It ^ *8 ?*»?’'
^_Jf m
of xo&enl* 3*25 B '
■ ealcsuXated
m i *  3*t B salsmXs’lai
I  .&I i  ttr restf w ill 1# referred is  lifte r* 
i® ttet a i~*feial lijrdrslysi® ©f. t&© terns- xtz rrs' 
wna reported isy. atCTo&aoa *. *» Waters ■ to g i w  a
&4»- W 'V ifc  J ttf *■
$»• #*
41 —
i r tW
f-ra tee -ramtic-?} of tte £iztmoc'
Uta®
a, "5
«*S*
f
m l  p*l
ex * aig©
fbt |3-te0ii0aailiM mA used wer# of
^ o o m e r o i a l 1* grad© m i  wow pwiflod i s  tot folio i s g
maaatn
15 cpa mT& dieaoXwod is  X20 mis- of rntor ^ 4  .
15 Bis of ©oaotairaiod &ytwc&Xorie sold* X to 2 ipta 
of doeolottrioiag e&sreoal wero added asl % -*o M^tert 
tolled aa&or refXtiit for 3^ aia-mtas* fho ©olaiioa .w&a 
r o ^ e a t t i l f  f i i t a r o d  m f i l  it ooatai&od a© imrtoer mm** 
xcteod rnBmmI# to# TCOiiiftos fie* tolag leapt ■ wars* .
la a ©team^katl* to w a i t  orfsinllisaiioa-* flit eloar
solution was ftoaxiy -Mied m&tk @tirrta$ to .
& Mrtars of t m  m &  W per east oaaotia
@ed& to aeutraXlee toe lifirotoXoito so id..* to* .
toil© o^sialis j^otoooi filtered isi
Xiii«4 to ©beolute ©Xeo&eX# fit# «s®7 0t&X© were fried
on a porou© platt# ; : . ;
point of .. 
Ooimxeial. 
Product
j^eittoro nmiXtoe 
«70°
p^laroao anillmo 
71® ■■
JfeXtins 
point of 
iurlfied 
Product
€1-62° 66s
Z* to© M a l o t i atioii -^r^ oooo
«k*1 tf'a .^k«i# 4-'?^.*. ^^ ,WA*s-m 4 #v*fc. ■ V*«fr wr*««s4 V*' '***«* VJj*» *«»»»**.
dissolved wito \ jzclns to a mister# of 45 sO*o of
wafsr e&d 45 al* of ©oMeatrated li^ tooeiitorio ©$td* 
f&e solution was cooled to freesiag Mxtare to # , 0 # 
iMH toe la^tooelstoriclt c®7st&XXie©& out*'... -Q*X ga . 
sola of eo&ira nitrate in 4Q $1© of water were toe© 
added trop-wtot to tot soXutioa wito ©art/to ©reid 
tot ..tcapomtwe of too solution rietog' abort 3-5° &* 
too solution' w&a tested towards too tad.of .to©
addition- for of aoiitim.mitrift* &/ m  oxtesml- .
IMioator* naaoly wist potmm'Xm ioSf do^ ataroli' 
paper# '■. '. /A drop: of tba solution eortslmitig ©acees©- : 
nitrite- will ismdi&toSy tmm tls p&ptr line* ,•
3# fit frepMaiioa of lii# M&sooy&aidoo of
■ aat ^ ~ircuo caiilist*
.. 4siS ' ■
- XO«ajUa. * * 0*  XOrll^QB * i£L
. _ ■ 0 % .«$, ■%■ *g ,
fit dl&sotlsod solatlcm. of ill# mllimis (obtaining 
10 bIs of ebeolaato alO0tioi to proiroat tt# sointioii. 
frtssing} was gooled to *“l§t§ iii a Mxturo.of ©olid 
oarloii dioa&d® &&d aioalioX* ■ 4 solution of *toal©r* 
gmtt pat&ooim'oyoai&e (9*1 ip m l :  i n  23 mis ©f- 
wsier) was tl#a sitti. slowly ant tie miatem 'figsroBSiy 
stirrodf as solitifination at . tit test of tie' eontsdnor 
elm# to frotsimg wm% it ayaMti# ! fit fimi aoiS - 
©olutloa was filtirei M i  waslcS witl ioensold' mm%mi 
mill t&« orar*. # ©rystaX©' fcp^oarod fcanosooecras. fiiis 
removal.of tit ©oiuWL© eoastitaonto'wao fotmd to it 
oomplotod aftor alsmt flirt mtlilnp* liittst moistur© 
was rowwst using a porous plat# ant t&o p. roaotiou 
products wars mpitly purifiod by diosolying in a
Bisttetra ef-sa^droue *40t60-.faction*. yeta^Ieusa-etMr 
m& a traee ©# .tear di ■ etisf1 etoer»'' ■  ■ \ tMi : -eototlea 
m a  filtered-«a4 gooled* = .-;$he crystale of'toe 
■pellow dlimdyssi&ee w#» filtered at ■ a pasif asfi' dried
■over a porous fiat#*
:■■ fkm. pmpcrcd team f&.i .
cie^eospouada ■ i»y ■ the ssetoed desorltod l^ f it fevre'eui 
Vtoe.Cloe ait I* do tot loss' ©f tt@ eie^oe&pcus&s
allowed:to stand in ©»to& tetrac loride eolation to 
a itaittattr for a-period at a i@f*: flat.'■ eetotio&a;’ .
sere ..then -eoaeestrated if v&fluea eraperatioa‘‘ead eosled 
rapidly in solid carton dieside a M  aloetol* - ft^ • 
crystals* eono^at redder $&&a tooseof toe ai@^ 
eompoimd*,'were dried m$A re^orystailised-'fro’i 40-60' 
petroleyga. ettor abataiaisg a trace of di-et32^1~etoer# 
Tim tafeto'lists ik# melting points of -toe derivatives*-.
fiaaobtmaaia© 
C/aaide derlv* * s iting  13tot
In fra  ltd  
% tatraa
...
U ltra  
Violet 
&P e e irsa
oi@ p-c&loro 
trass' ;p**aliltra 
eis p-iroxaa . ■ 
trass p-teoist
V 23°
105®
41-42®
'114°
to fevre 
OVtorer 
■:imd 
ttetoer
1# foTOO
atii
t in t
.fa order to study iSa isoaertoatioa mM - partial 
l^&rolyeto' of -itose aattsf "it'was■necessary .t&at gras 
cu&ntities. to prepared is a state of purity*.- ■.
.too. cis-i^ elaloro- -compound was tasiijr prepared* it wait 
found ttotf&to ©sit reacted to. alcohol to formt&e 
dark-coloured' lurdrclysfa product mentioned previously* 
ssi tlli reaction was rapid eaou^ fi to otoeure conduc­
tance encages due to tto simple tocmerto&tiou# It' was 
therefore decided' ttot too cis-i^teomo-csm* onmd would 
to used' to IMs 'atmiy* Cn&ntltlts were prepared and
SO- - St'
analysed infra "Eod^ Ultra .apectrosecpy -
(Pi&grsa 26 ) asi noXttog points, tut tto- parity of
tto products was tosM to to very variable* Sine# tto 
diMOcaraaidca arc hmmx to- to ptoto-actlve*. it m s  de­
cided to follow tto-course- of-toe reaction-to. tto atoenee 
of lto&t*
toe dtoae ©alt. tf p-tu^o-amiltoe was prepared a# 
itsoritod to- tto previcus secttomt toe diaso-solutlon
w &  toes placed to a dark-room Illuminated ty a 3 volt 
lamp Mali at 3 metres from to# reaction vessel# toe
ey&n&tlea jraiset was- driei #a a porous flat# and
p-
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- dissolved in- ei&er.w&ie& MM hmn
■ dried ■■ower ■sodium sulfate*-'. -fli $0lstl0s mm m** 
oaatsi mi  cooled slowly la aiest'tu&e suspended i i r  ■
.&;fcea&er held tm solid esrhoa solution*
■: Crystals fo rm i sat-tits #  were filtered on a ' 
Bactosr. ftmasli .• sotatiots u :  then xc^xdly ©ooXtd 
is the. frogling: ai&tere ant farther orysialii formed# ■
■ .: flit melting .points of the two ergotisms- were talcta* 
f&e - first . fraction aclted 'fcelew 25^ »-ra the seocmd at 
•124^125° a t  was :-m orange -s o lid *  ■• v . ;■:
' f M  preparation was repeats#■ at a Xowtr light •■ 
Intensity aai fit meltingjoint sad near Infest Sti ' 
Spectrumof -the crystals formed were tslcsu ■
S«1Ub©-I olot -, - 134® '■'■ .'
I n f r a  Eed 108 a ■. ' ■•:■
fM m  corresponded wit& ■ the:figures alrtaiy quoted- fm  
tne trm s^d ia so e ysn id e a *■-■ ': '■■■■ •'
As- M s  a lready teen ■ e x p l a i n e d d s ^ p r o d a c t  la.
expected to te the product o f.the '-^ normal*' preparation 
l» daylight* In tim pyapar&tion esadneted in tint' ■ 
dsr& ,t&e tra a s d e o n e r cp^eirod i s  "he formed d ire c tly #  
ant it m s  of interest to determine the colour of the
light required-for tho formation of >t&e" ^ normal* ■ 
product of the ■ reaction* a * g# ’ the eio^ enit*- ■ ■: ■  ^It w a s  
therefore necessary-to conduct tl^ reaction in-coloured 
light*. ■ ■■•■■'
■ a 4 projeotiia' lxi^ housed in a light #. .tight box’ ; ■ 
wis '.used ■ m- the -- source of ^ ilXomlnatiea- cad t n  colour : 
of the ..fran? lifted; light was variti by meant of Eodak 
glass filters# •■•- flu intensity §£ the transmitted light, 
was .adjusted to. he similar for each filter by moving 
the projector Im p  sal - compsring the intensities - with 
•a L'egatrea .B^ty^e photocell* - fli# mrdrors* spectral 
response curves^ were used acalnst the current yea&tn j: 
on a 14 m s  "per* mills- ®p*- galrsnosottr. im# the dis­
tances of -t M  projector froa the reaction wens©! were- 
adjusted to gtm. eonp&rcibIs Intensities .for each: filter* 
fable d shows the results of the intensity comparioo ia-. '.. 
and melting points of the products tinier the eiveriii 
Illunimiions*-
'..it the stage hefore the addition of-the cyanide - 
to the- iiaso salt In the preparation of the • di«mocyf it^o 
le Pevre m i  Tim reoorsaend the addition’ of ' alcohol'' to " ' 
prevent the free&inx of the solutions* • It w a s  found 
that by careful ©u^ or-^ -cooling the diase salt' oomli he-
Tm
Mr
n.
 
$£ 
fi
lt
e
rs
 
an
d 
of 
tb
*-
 s
e
lli
n
g
. 
f«
si
m
te
 
n
f.
tf
c
t 
pr
ed
ic
ts
-;
 @
f 
ili
a 
■ c
sy
an
al
 
£t
a 
mi
cr
 
$&
#.
 a
fr
ti
tl
' 
li
gl
it
 
@s
nn
 
,>* 
V 
:•
A
fa*
4*
5
. 0
■<*•**4#
li
<#4
e!*«.Oit
I
I5#“
■«rit♦**5
. J3
s
'f.%
i
&D©
&
a 0 © .» ••*» <or*i O 4™S s»4 
%
4*•0 o’tS3 *0$4O
S
'K
0 *<*♦
I*r*4
&
fa
■4*
3
%4
ao
0
fa0v*
s
<M
fa0
itfwf0
n
a
*» «
£*■
5*
fa*o • •;■
f a  » ■ ^ 4*- 0 ' ■& t** fa,"€3 *Ho *-*
o 0 0 0 *0 © 00 e 0 o tO
yj ■ a 3 3 o « 1<H|.- <Hk> r* iHi iHf :'0 : .0 SJ
5 '.
*ts
O ■ €n ■.0 '0 .. .€1 'C e .0■• i f : . . ' .0- :? €! ■ ■O431 m g O / > C' C5»i to O' ■ o 1 ?- 1..r*■ #»§, ■;■■* ■.•■ urn# <H! t i < >" O ' '■ 0 3 i> 0 m
*> o * •UV Ht
Wf■i€3
©
d
SD-
■**
S3*.8fa
O# . # if*■ ♦v4
#«4
. #I*'*
; ■-•:': ■. 'm sis '■'■'■ «>■• ®  o  s$so ' p* ** <o «a -m a* m• *■■-* # # #., - # « *■ * »O-' -O © ' CS -: O ■ O' '•'* O O C O
eg e* *# **
*? tr d d
0> O r-« Cfr ' '<& Q
■ . * ■ . * . . ■ • * ■ ■  *  ■ 
hi-gi d '” it :d ■' Vi ':'#*
»
s
-o : ■ O " o ^ «y ci ow
O O
£
O --OSNci ■ m
,«:r*S0v*>
4*■#
©*M>
f
:,: &
0 4 i §3 3 : m ■ #
8 ■ ^  ■ 3 . .ta­
rns
©
S5j; 0
it
faw
*00J-3
prevented from free&ing £ & %M-
■ ^ notion' a M  ■ t&e e&SItive could Xu omitted*' Using, 
t&e Isi llXttss&natioa. tiie reaction ms- r^ featti.'meiiag 
m  alco&ol additive*; fli® ui^o^staX.Ua@ai product 
with its MeXti-ng point of f0^1X6° mmM t&srecrystal~ 
Xls@d * oiuet of bolting Joint 4i0 point toward® &■ 
©XigtiiXy M # i r  proportion of tfee trsss- compound tbm
■ in tti® oas-t of 1st illiaaiaation using t&e sXooMX ^
 ^I* itiTO | *re ttm melting point of tto merfatalXised 
derivatives m s  59^f§0#,«itk dseosapositioau ■..■•
■:- It would m m  profc&fcle tMt in this reaction tlii' . 
trana-* farm is formed first and that t M s  xtXfiwfes llgnt 
of t&e m ire .g im  of ttm ©paeteBs to fora t M  its- 
compound* ill# * provides mi
tiTO isethod of .for^tlm of t&e trnr*v* confound witaoat 
t&® us® of the els** as sit i&ieraediery* - . - .
?he in **’ <* coTu'ttctrnoc of * -» ■
is lar* i ^  solution ■
■ Purified no®tons m s  IsXoto ovsa? into n Hartley
Barrett cell using a stream of dry nitrogen* m i  its 
conductance determined t. .A quantity.of the pure ole-*
easpomi' (p^lromo-ieri¥ati,f@) wan iairotoeiii without
- allowing m m m ©f air mA the conductance of the ... 
solution mesurod eo&timously using a pkotogra id© 
technique# .the ©Mag©- in eondueisno© after ’ complete . 
mixing mm rapid and after.the first period' #1 5 . 
minute® the conductance mm measured dl ©continuously', 
at 5 minute istarmXs* . After a fmrtMr f#ri©i it 
was measured at hourly ist©rfals* . fh# solution in  
the cell after the'period, of .14 Mur© .was..of a torowa 
colour* ;■. -.
A solution of the.trana** compound of the seat© 
concentration m e  prepared and.this-was found* too* to 
darken ■ oonsiderahly ■ on standing*- the eoadmotmte of 
the .trane- solution and that of the equilibrium solu­
tion m m . the ©aa© within the limits of the ■-accuracy, 
of the experiment, and • the change ©f the trans-dias© 
cyanide eolutioix to the.darkened solution only t 
place ©vtr a *eriod - of days*- the. ©hr • » in conduc-.- • 
tanm of the els- compound in acetone x *9 not affected 
by. the. presence ©r absence'of 13 jit during' the progress 
of the measurements+--.
fhe; change of e&&duotanee with time of the ecla** 
tion over the period of .hours* shown is figure 2 7*-may 
ha interpreted in several ■ ways r - .
X*4 ■ to actual change in the ionic'nature of the ©©tot©*
2* A change in th®' electrical .properties' of the solvent- 
solute', due to aoang® a in the solute ©hap®*-■' ■
3*’" the chsngs of the dielectric constant of t M  media 
; of the-solution' due' to' ehaag# ©f the solute dipole 
■ moment* ■
■■ fh© "solution is V  by weight of solute-and the
ohsaage' of 2* I to 3*8 II- is a 3„ -: " toy ^uroly-
dielectric changes in the solution would than be in the 
order of some 0*3/, • fli«r fMga shift resulting from'
such a etoi**5 eo“ld LsrdXy account for a. cLxige of •
1*2 x ICT4 t# ii2 x 10**^  mhos* ■
She alternative that the trims** compound ham more 
tendency to ionise than the ©is- doe® mot fit the eac- 
perimeni&l feet that tot cis- tail mot the time-' will ■ 
preciptt&i®' silver' eyamiie from silver nitrate solution 
(Stevenson and Waters toe' tit )* Neither .the eie— nor
the time- are Is any way highly ionised as eon It de­
duced from the feet that the two- ferns miMt at all# 
fhe rsaaiaiEf poasitoliijr may be that the .Intro­
duction of the eempomd# to the anhydrous 
modifies the- solvent structure to give it a definite 
measurable conductance * fhis definite veto# will tm
altered, as it is .further modified by .the'change of. 
oomfi^mtion of the foreign. moXecuXe* flit modifies- 
tion .could be expected to dmaga the- assiiaatan©# by 
some factor1but not the order of. the. value#
.- tu tlii ease the change of oj ~ stance will..be a 
measure .of the change.©f ooisfi^rsttoa of the cyanide 
and.hence of the rata ©f iacmeraiioa* : -. With this 
possibility la mind^a graph of the lag.of .tat concentra­
tion of the ©is- compound deduced from the initial ami 
final. conductance values* against tint wm constructed* 
Although rate ©onst&ats ®m ba deduced from this straight 
line graph* figure28 # -in view of the highly ©ptamlaiiva 
nature of its. ©onstmetioa t M s ' would appear of-little 
valut#
. Solutions of the trams- dl&socyamide-in acetone 
were. irradiated to give direct evidence of the return 
to...the eis- compouai reported by' Stevenson and latere*
So-such changes could be measured using the 1*000 £ . 
discharge unit# -
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.The' rhotolyela of riron' Tetraehlori^e/",'2ths^ ,ol matures*
Vij , The-3300 ©ms . .-absorption lias la the' &©&a? infra red 
and el wthaaol attributed to the .hydrogen loading of - 
the solvent (cf * 89) h&®, caused laisli. eoameiii* ■•- Sine© '
irradiation' m e  t be carried out in methanol it ? r - 
decides to investigate ;the nature of the solvent es far 
am was -.possible /and ■■obtain relationships between the 
hydrogen'bonding (i*@#' the .intensity, of the :Xiae) and : 
puritj* V., Unfortunately ths .liisa was too intense for the 
II 8oo. 1*1*  ^cctropho to-met or sad the ..Q*X.m celle. used,
and it % * decided-to attempt, dilution of the meih&aol 
with other solvents. having well,teowa X»S* eharaeterist l e c# 
Carbon-tetrachloride, was choeea and.a eerie© of•coneentra- 
tioa v*;-optical ;deneitygr&phe between-7oo $m& 2000 emote 
were constructed*;;. 'These. showed B@@r#e tew was otejred 
within -the limits of experisiental...error#-'--: Certain other 
properties of the, eolations, made any clefiuoticuis of .*:-•■ 
methanol structure© from theee mixtures invalid 0, :. - . .• ;
1* , fhe fixtures deposited .whit a cryatals on standing*
2* - Vulmn very -rigorous. precautions, were tsten to
■ exclude the presence of. oxygen*-the mixture assumed 
a yellow colour* -
3* tte mixtures teea irradiated showed considerable
0 photoaetlyity*' ■
4* • lilxturee of tte mlvmts9 although im themselves
of very Im  emdmetanoe* exMMted a masimiai la a
Ip^ apla of conductance composition in a
■ eapaeltj^eouj, lad coll*
It tastag boon well'toora tit c&rteu. tetrachloride
and'alcohols will react together wham sub;J acted to
several f a ®  of imitiati©m* - ■ With v^ bM bM ^ u frevost**
f-1'Bemas and Otepiro hate attempted to mmslyte the 
reaction using 1 i£i,l viyl fiery! %dra®yi) as a 
radical scavenger, and to analyse the products of the 
radiation reaction using -teat refer to as- ^ aioro
imfra red sfeeireeeo*/*1 and paper otaoaatogr&pby* ■ fte
' ' 66 use of X *3 hat been ©tewm by Griffith to.be open to
^uestlem since excited XflS molecules cam react with
'solvent molecules direct;to form excited triplet state '
molecules* Ch&plre tea %tm shown that tkil* continues
to iisa^p#ar after the irradiation tee. teen discontinued*
: Yoi^t^f amS .Warren/ hopwood
and Crcggateve all proceed seel" enigma for relation 
reactions with.the mixtures* Banners stewed that for
^-radiation 5$ imlatm# $1 Mrfeiir©s produced with.
©♦V*  0 # 0 4  a *  © iu lv a l© & t $  o f
bydrogoa oi&orid© ©a?©- ^oaeratod*
.Ba&uv&ov ani fssifaisteja. tor© analysti ttm r©a©** 
ti<m for tli© coffipouaS© jssador ttornal isitiatioa* fboy 
proposed t&© following re&atio&a* ( Ref- ioi) '
fh# ©omploxity of mrn^mMM. prodm©©d^ appeared to tor© 
eatasea .difficulties i s  malysi©#- ■' i n  th© pr©©e»e©-of 
oxygen ,tb© re&otioa prodaot© ©r© of.a mioli greater , 
diversity*. ; fttrtter* the mMmrn I w » ?  and f&silel** 
©kaja*. working with iserourf'. or^^o-^cojapotmd© la t&© 
presoaeo' of $srlM .totraebloyid© end ®©th©nol irradiated 
with light* also frnmi m great diversity of preduota* • 
fbey later foaad^that the- reaction was sot dependo&t 
o& the preseae© of the meroary compounds*- ■ Uaiag a 
T©Xtm@ $ misters of tto ©utHStaao©© aad. irraitefisg 
with .-a merouyf lasp. for 14 days, they. produced a ^ asaiaa~ 
ted. Marten** with a lower, layer reaeM&g up to 70^ of 
the total volrae* ■• ■ fit# products of the reaction were-, 
©amlysti* the upper layer yielded a Ini* HOI aai tIm , 
lower aoa^a^u'eou© layer Cg61g» Is ©ostr&st to th©
—  & , * *  H  + + 1*0
S-,0 +.01.01 
■ ^ 3
= 01 ^(00^) + Sgt
thermal reaction. ti# CHjdl mm formed* 
fhesr postulated■ the reaction m i
■ _  *  «  , ■ s p f T i m n
A * * ! *  ! v  ^  d & M T t # * .
mM m t
■&$’%£■ ■ ■' s a x ’.= -CHjCi+ SjCi
Ooiidaotaaoo Sata ' ■, .
■;A m tim  ©f synthetic solutions' ©f methanol and .- 
the carbon tetrachloride ftrt placed Im the capacity* 
coupled cell: and their' ccnductanoe/capacitaiice measured* 
flit results are shown la fahle - e aai Crc/* 2 9#- tin- " ■ 
fortunately m  low frequency .©onducta&ee data, was 
available for these mixtures sad therefor® a direct 
comparison was sot''possible* it .both 'the solwe&ts era 
dried and fractionated before use* the graph* though, 
similar to that obtained for ©a electrolyte in water, 
can hardly be the tama typo* ■ ,f&© saMMim would m m  
prob&bly us the represeatatioa'of a slightly more.©©a** 
ducting species formed If the interaction of two non* 
ooaduotisg solireuts* : With the lack of further data it 
would be unwise to -&ttc \t a *o.«jstitatiTe l&terpswfc&tioa 
of the results* '. -
Irradiation Pata ■ • ■
A solution of the two-solvents after drying end 
fr&ctiomtlen .was irradiated-with-an. .Iron .Are for a 
period* the ultra- violet absorption of the solution..
before m i  after absorption is shown is M p i ’f 30 m& 
the infra reel.la figure 3i-*3. In the am e of the ultra 
violet absorption spectra.* ttera ms- a eeaaidwabl* 
increase in the eemplexity.. of tim c^eotra between 2;;n mu 
and 2€Q urn* fMa region oorreepoiiding to the abaorp**- 
tics*. bonds of massy organic molecules including the 
carbonyl .eempeua&s# bine* 101 has bets*. rawwsoted aa a 
product of - the reaction# a mlarfcur© of mothaaol m i  dry 
SSI gas was prepared end- the absor* tion spectrum of this 
mgalmst pure methanol I® shorn is figur# 34* ffa© 
230^280 &u abeorpties* of the methanol mm suppressed by 
the 1101 to a wr y  co&alder&ble extent*
fhe Infra red spectrum etews very little ■ ohang© 
la the absorption and only the addition of .a Hat at ■ 
1700 emsT^ is apparent# this Use is sot caused by the 
HCX as is shown by figure 35*
-.: ■ fhe- conductance maximum ssixtur# of the solvents 
C30 volume f  -o.t the methanol) was then placed in the ■ 
cafacity-coupled ©ell . and allowed to reach thenaal
CM
m
CM
m
e uilibrlvuu : • Otrar a period o# Jiomrit la tin ia^ lt m  ■ 
coseuaiaiiat e&enges wort ■ obaerted.* fto ©aeiXXoscop# 
was thm. used is rltteoior uaait mad t&e- o&eXXXesoope ■
. Warn put to tit *mtrl&gertd* position* ; With tie - 
restoring iroltage ©a- the-beam 3 ?** tbe- Xiam t e x c ®  m e  
p&otograp&ed directly m% to. film beinn panmei part at ■ 
tii# rata of 1* ^er oec,> *»d# flia solution was then 
Xrrsdi&ted'wttk the .medium intensity €§0 t  final unit 
m m  a cycle of 10 flas&es*-. fie solution was t&ea 
■allowed to return to tlormal. oquilitoium mad its eon- 
■ duataaoe apomoaaured*-•
■fit off met of ©a# flncli is s&owa in figure 36 * ■ It 
waa noted tlats •
I* fie rise time of tie ehsagt recorded la. tie Xeagtl 
■ of-.tie oscilloscope trace mm- practically install- . 
taneous ~ Imbb t Ma XCjT^ seconds#'
■2* ■ f&e wr |  considerable I&erease- in coBiuetmaea is 
: not maintained but dies off in about X second ;
'.- iV * of trace)* ■• tiiis would be. ooaoiatairU wit& tie- 
production of conducting speciest--possibly fcyirofta 
ollorid# wliol reacts to product a nonconducting ' : 
species* .
3». ■ fhme is a permanent increase in tie signal - i*e*
tiers is a permanent cic*v * in til# ^dielectric
0#2iitiO3i% ttai -is ia. tke.oaiufioa Im -thm €#11*
; ■ ■■30 Volume |i' /
■ •■. methanol
r Conductance tofor# ' 
■ - irradiation'-'. . ■ ■.
'Conductance : 
after 10 flafehee'
aai 20 aiButts 
ia fhemoat&t
©*232 gem^iaho ■ ©#303 £0>n. .*3
n® $limxg® ia the e&p&eita&oe • taring the e.s**
peri meats*.
:2t was also noted 'that- -the ohaag# im the *dielectric* 
did mot ooour with .fresh' solutions tot onl^ after t he ■ 
Bolutioas had heea allowed .to stand ia' ther&ostat ia 
tli® g&3& for a period of isimtee* ■ Although thM eato* 
tiofis-them appeared to "st&fclo with retfset ■ to eeaduotaaee* 
the' solution’onee irradiated ©&d- showing coataeta&o# ■ 
eha&ges ■ coati&ued to oha&ge for periods of melee« •
Ooaoip^lcas ■
; The %\Kf ia will oh the reaction is eeaeitlv*' to' the 
pre~treat»eat of tho re&ct&nts* s* ^ests that seme fom  - 
of induction is aeoees&r^ for the reaction* ' this la** 
taction* if it oeeurs* has tots shown Saimers tloe s it  I 
sot to- ho depeade&t on the presence of osjgeaf although
125*
r\ i
t m  m m t i m  in a w®& if.oaqrgon is
present* ■,-.: ;:'¥he- 'pree&no® of m m t i m  r^oclss in t&© . 
solution l#it# aftor flask irradiation* to
■e&talyso t&o m m t i m  i® wliaf ®sm ©mlF:at this stags 
Tbs- oalledi a imrioiy of. . . Alt? aoveral
workers tim® suggest©# .that 1§1 is %$ tha
.ro&etiom* of t&o .ultra violot aai infra
roi absorption opeotrum pmggtsts that HC1 is otrfesinly 
not the .amin profiuot* '. ■. ■
. . Mmmm?} - a eoa&uotlng spocios is generate&.fcy the 
pkotolirti© m m tim . althouc * this is s@ parent ly ©on* 
mmti la major pari within a very short tins* 4 
enggasiti eourso for the re&otten would therefore ho 
similar, to that of laz^ tm r in  * to tho 11 gcmoratti 
is ooamimtd in seeondaxy reactions* ..
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I t  was considered toat .to© Irrad iation  of ©erisiii
stabli? i^ m  radical ©©mpsiiaia in  saXtaticm. nlgiii pr©~
toas detectable ci ^  ^  to 11m dielectric constant, ©f ■
to© ©ystesu i f  toes© olisagim occurred aai were
meamm&le* to© l&Te&tigatloa ©£ re&otloa to Miieii : ;■. ■:■.
free .r&dteale wr@ t  * to fe i as .ii& ib ito rs , niftrfe jfe©,-
facilitated*..
Since to© discovery of toe atosraai .valeiaer csia**
'71pXex.by ^onherg1 ia.l,;Oi na^r radicals bm® been pro** 
p a rti ani iOTeetir^t &* la  1- 2 j  X \fla r  a&d towi©' ■ 
towed that ataorsa&X' toleac^ aompleaees met etoibit
para:xigaeti0a end to toe caao a^v-er toowed that-on this
basic X^ diplitiiftosasiliyi; was a one third die-*
73©oci&ted free juuifield fiav* # Rendon^ smggested
that'to© compound ^x^%l°2^2 bF toe isiM  « i€ a ti© a  ,
©f 0* was aa atoewal . ^ mXmcf. ©o&ple* and
7S
s u g g e s t ■ XI* Sugton. end lei^env - im om tr&ted 
that toe compound did in. .fact have ©ne tinpsiraa ©Xeeircm, 
hairing as its pcrr-aagaetic fito^ eat X*73-.Jto* .
the free miieal diphenyl pleryi l^ dr&syl {XOA-aj ■ 
mi? first frtfaM# ly 0eMs#lmiat^  . im 1922. and had 
Its para-magnetic euseept&Mlity measured by .Allen - ■ - 
■end ^ gdea^ ant ■ It mm ehowa to- 1st etable
for tip to 4t iays* mi to la a SO#dissociated free ■
■ «y ©
radical* aller# Z’uXXer~?odleff and lur^e1 *' later 
claimed It to be a #X0Oft free padie&X*-* - -
, fh© structure of £KU was discussed in great detail 
by fairer* KattUr sai in 1952 * is relation
to similar ooc^ounds m& their associated eptcira* 
fMs paper* * list m t  hating a direct bearing on the 
wort described* is proh&bXy.the heat re^ew -eu the struc­
ture of the eo ■•
- ®flfl has bead' used, ae a radical seaTtBgtr by 
several wcHEteerSf notably ChapirouyV tat its fncdtlt&tlve 
.use has. been .questioned os three grounds* •
1*. ■ -Wall m M  Tac^t ' ■ showed■& fossiMlity of a pest-* 
radiation reaction* i*©* the radical reacts 
i^nternally1 after the radiation has ceased* 
t*. CSinpiro* Purup and iroamaniiisw^ showed that its 
reaction with olefinlc compounds hates alternative 
■; paths in aerobic m M  anaerobic conditions* ■ ■• ; the 
standard reaction of Schuls and If in
. wtslo the:railc&l couple© wltli-two.©lefinic' group 
.. ocomrs in anaerobic conditions*., while in t&s ■ 
presence- of .' oxygen a peroxida-oiefinio complex ■ 
of low • actlvatica anargy is formed*
3* . ■ Haaaall ©nd fo to lc fcy '** in 1953 demonstrated ■
qu©atitativa,-:in©©naistanoy in thermal pclymcriss- 
:'tion r0t@ mansurTOantsaucing the dir *varans# .of 
llili es a criterion of reaction velocity# since 
tlx# rata of consumption of the XfHi was greater :
- tl^a tts rate of initiation of folymr chains*
:' this jhhoy attributed to- ■ the formation of ©elf -■•■
■ '■• • temiaatiEg ii-r&dicsls* '
Th* I’resw^tion of tli# fr^e F©dic*l»
M»jijmi*auii.ii'iii|>n>*nii.ii UII u!>iii yiinwi*i, ii " j r i»f io >ifT giiri'rtitfiuwj t i  rnT«i iii^iirMwni-iinm i^ irrPitriW fftifrn r rrm r r rrTTnt^v^H-^ririnHTfli
• . l*l#-tiph0nyl-*f-trinltroptenyl^hydrssyX' H^la)
$k$y'
the. pr@farst.ion im  to deXdsetaidt^ of 1922 warn ©m- 
ployed# in which the hydTOSlna of t compound was 
first produced and. this tma oxidised.to the hydra&yl* 
ff&e feydraaina was prepared • in quantity and solutions 
of the IxyfirasyX Is chlorofomi.were prepared directly 
before use* A .solid fcyiraiyl was prepared but the 
purity of this wss suspect aai a-good -melting point 
was not always - obtained#'
r r 0*1, of "tliii ^«Tl~2^trX&51 ^  ''**°aT3**
i;Ttti'iiiriT*fi*ii -ifi-irr^ 'iT^ n -n 'n' fi ^ T^r 'Tiiri i-rvir, " r r f rH1' >-i ■ ■ ■ <>...........  , , tiiir^ ,>|iWTi'^w liiii.)iwinir. rV;r• TrJTji,>»»*in.iyi.iini^niirnI■ n'ftt?i1111j■ wti<inSnV^ nvin'tifiii.wriifi
v  ;- ;4*# Gr&ns o f &spm* HipuaiijX, fefirei*~
■■©liXoriid (i;*D4i*) %mm ■Msaolvod in  dilute l^iroeliXorio- 
acid aai t&® rssmXtlitg solution msmfraliasd.: is o&ustio ■• 
soda* -th® *fl®I©t . ooXowti tmL& ■$&* ■ ;
t r a o t a i i  ■ w ifli a t & e r  aa€ s v & p o r& ts d  in  ■ d s s io o a to a p *
: -fEt rtsiiitt wsa lissoXireS in  a Mniisia of ,,e&&sro** .
fora. « d  to-t&is wa® addad 2*84 of piarfl o&lori&s 
in  oliloroform * ' fist m i W®m solution waa w&rmei ssad 
filtsrad* ©adtks filtrat® mlxad wit&twloa Its ifoitet 
o f absolute a lttiK Jl#  - Tm  so lu tio a  was.. thm% eoolsd sail 
tka rsd^lrowa produot wMcii separated was ooXXsotod* 
f&s-yfsld of soma f * f  grams m s reoryataXlised ira a  
gl&oisiX aoatia mats* ■ ■ Tim rtfi^lraws frimmsrtia arjsiaXs 
had m m eltlag  fo is t  o f 172-473^0* ■
ff&s ..frsraratjoa of tils I y r r ^ r l  *». T,.-4I • •
■:> 2 grams of tlit ^irasint,|irt^iously ^re$sr®d; wars ■ 
dissolved M. 30 'mis #f c^aorofo»#- mad 2 5  grama of l e a d  
dioxide ware added witu 2 i m s  #f tati^iroms ssSlsm 
sulp&ats*
fa# solution wMo& wat nm of a
colour, was then filtered -after a few minutes, and the
olilorofom .removed...under..vacuum# - -..fh# residue...was ■ ,..-.;■■ 
erferaeted witlr twles ;tlia: solution, relume of ether, and 
placed in a-.freezing: mixturef hoadle-shaped crystals 
were produced*. which were capable .of storage, is a desic­
cator without, .decomposition, far. a period of days* ; • for 
the( purpose. of;. this work, it was found preferable., to use 
freshly- oxidised' fcydra&ylt' prepared by • a modified 
technique# In this case the oxide and the sulphate 
.were remoyed from the chloroform solution in a centri­
fuge and the solution wag used directly, ■., ..
Both the solution and the crystals lighten in 
colour., on standing, • hut may ho shaken with anhydrous 
sulphate' and • lead oxide to regenerate the hydrasyl*
flie hydrasyl is soluble in chloroform and bensene, 
and in this work the ultra violet absorption spectrum 
was used as a measure of purity* A,melting point of 
127-129° was ©Itaimed from the crystals ; d the extinc-
.. -*j
tion coefficient of approximately log*" 3*0 at 3X9 mu 
and 9*0 and 4*2 at 270 and 200 i m  was found to be con-* 
eistent with the. values of Cltaplro *' *
t!i© isfitiMii of prapsratiom- tx  ^ Km t^n 'mmd
:^€
" ■ ■ mm ©mpleyeft♦=' • Tim et&rli&g m aterial -of 
■■■pre^aratioa mm teiol is first »-*■ :
&ue$d to g-pko&yl i^tr©^yiaaiii@ tlita  n o s fifi "witii. 
&o$to&®« •■ ftie o Sensation product i t  -t&w #OOT#rf#-i ■' 
to tka froe radical using frts liljr ^prepared oxide,
- 0 '*,0,* + 2 -2a:' + ■ H^O V  QAir m cil V  ^ 2 £&0w p <£ 4f 0 3?
SO
p ♦
: dry i&ooto&o ami 
BtmM. i m  a■ period: of
momttoi■ ■ -
mild
.©sddatioa
«6*» I# f * V# &«s I' */j
irk i»o
pv t f ^ ? y&r©xtX ssti
(rtwi iwmni*4fnif*11nninruni• 11 yT&fr-TrrT r “ f-,j“ - ^ m  il....ir.-l'.-.tt'i>n<i•
l^iro^Xaaia# was 'prepared ty tlia method
©£ St. 2§CI grsiae ©f ttolmiosl s^onium c&lOPtd©
were placed la a large container with 8 litre© of water snfi 
300 grams of. nitreftehsene* ■ .• ■ the mixture. was. mechanically 
stirred *, while- 620 grama, of sine dust ..were added ®fer a 
period of. 1$ ■ to 20 minutes* ■ file temperature of th® mixture . 
ooatisued to rise for a totalof ■' 40 mimtss and finally. 
reached a Talus of. 6O~65°0* . luring this time. the. sacoh&nicaX 
stirring was continued and. the sine .oxide formed:.. sank to. the 
has© of the container* ' fhe solution waa filtered hot. and 
the precipitate washed with warn water, the washings being 
added to the tolls. solution. It was then saturated with 
salt and cooled to 0°* . fh© crystals were filtered off and 
extracted with ether* the 2-phenyl-hydroxylaalne was used 
immediately for the second stage of the,preparation.
fte Preparation of the Condensation product ■
ffc© a-phenyl^hydroxylasiin© prepared previously,
was carefully dried and dissolved in its m m  weight
of dry acetone* the solution was filtered and stored
for several Cays* A ©light Quantify of the condensa- 
product
tion[separated out, but the complete yield only appeared . 
after storage, with daily agitation,for six months in 
a refrigerator* A similar experiment was conducted 
with acetone which had not previously dried and m
product was obtained# '• 3?&© product of hart colourless 
rhomboid crystals was recryatalllsed • from' ethanol m id 
had a malting point of•13$°*
flie Preparation of the free laileal 
- ■ A mixture of the finely powdered condensation 
product in pet±olmm ether was mechanically, shstea with 
esm&l&eal silver nitrate for 24 hours# ' T m  upper ■ 
layer of the solution first became orange and finally 
bright rod* $&© petroleum layer was separated with the 
rad crystals that- had deposited, end was* filtered* The 
mother liquor- was evaporated under vacuum until further 
crystallisation occurred# • the crystals • were -washed to 
remove ammonia, air dried and extracted with di-ethyl- 
ether# The extracts 'were evaporated' to email bulk and . 
petroleum ether added until crystallisation occurred*
Clusters of bright red crystals which salt and de­
compose at 83-90° wore stored under vacuum* ;
Irradiation' of the Free ll&diesls*ninwirr*nr* n i.i vwrn< n nvm n -rwmii-in-r-T-'mrrfTiYf- it ii i t iy- i\i*-iTniriTir tfi ‘nrir‘ r>‘r ‘i<1-^-“*r'fr--,^ t*rTfin,‘—
The radicals, IPHi in dry chloroform and Baafield and 
iCenyaa*© salt in^cyolohexane, were irradiated over con­
siderable periods by radiation from, ©a ultra violet arc
and were found to decompose as. waa demonstrated by Vm 
alteration  of ttair absorption spectra* ■ ■.: Sliere wera no 
detectable d ie lectric  eliaageo wHen tlx® solutions tmd 
been■ allows& to reach equilibrium temperature#
■The radicals on 'being irradiated by. radiation from 
the gaseous disoliargo Xtuap allowed no measurable effects.
1 3 3 .
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; SJBJSl* * fll : :
- .A cliealeal' reaotion XnroXrixig: ■ t im lm  ©£-fes>M©
mgr M  tafeen m  .keterelgrsie ,«r hostolysi©* ' In.
the first-o&e©* . , ■ .
■ ,:-"A I 1 ": ; ®r ■* ■ Af ■ V .- if '■ ,***.*1 ' 
original. meleea!© it eonmrtofi to ;len©t..am# - the
©eooni. ease*. ■ -
. ' 4  i B  ■ ' ♦  . k f  * '  4 *  *•■ ■ 1 * ’ * * * * * * * 2  ’
to ■&©©■ radical©*
la &©et£©a .? ©a attempt mm mato to stmij. t h® 
effect of a *,</*£* ^  dieek^srg© ©a. two ©abound© kuom to 
mnie3?p> fcetereXfti© £l©sieii* fto  eompeunde* ©at* r o l
and. earben tetrachloride9 war© in. fast a ^ to gim- 
m  increase in. a m & m t & n m  mi m i  Ms- iii^-
® m m e  w m  attributed to the format!©a of ionic ©*„ele©* 
la. the .©econ& station it ®i ** % that* at least in 
the- ©iMi€ of the photo^poXpaerisatioa of ©tyrene, aagr-ef 
the dielectric eton§ot too to reaction. Initiated %  -
g&geoia© iisetorgo* tillI: to iisstoi If .tM offset ©£ the 
iieomr^s itself* ■ fMa m s  toe to the. lew quantum 
efficiency of ..the reaction and the caslX. difference 
between the manager ©n& polymer dielectric constant* ■
. It'Was that tarnation £ lit m t t m
actual .-re&otlon of .homolytic timim* M t  merely the 
mmsmtt®a of m,my .reactions occurring in the solutions 
ater a period iMlii* At the *„»$ *% of'initiation 
end Mgfr .thermal end pfeotolytdo 'sliook other rp^oies 
might M  formed which * Mid represent only, a Tory, email 
percentage of. .the e&olted moXeenlea at .nay m%B instant* 
ant Mire arvery-lew froh&fclXity of finite' eaciete&d** 
feasible reactions that could M  cu^seted would to la 
the fora of i
1 1 >  Mr -SS
m
A  1 4 »+
1 t 4 % ; *& A  * 4 . . ® r
1 II * ‘ hv *
.,. -# 
Jk 4 a# ^
-*<*
At # ii ^ A# jfa1a •
■ ■»**-.
At
- as A* * 14*
etc*-
fat m tt effect of t&ea@ sewers! reactions over-a period 
would 1® the stooloaetric reaction ea^ressed hy I* ■ ■ 
flit demonstration of the short term effects poa~ 
elhXy' occurring during tescl^sis could not he eatisf&o** 
toyliy demonstrated hy rxcetral studies* since the • 
attenuation i n  the liquid fhast mat necessarily he hit V  
As the number of the' ge^ap® ■ under^oin^ reactions of the
.type-3 .<■* 1 would. he certainly. small*. the mathoi would 
thus seem ^ satisfactory# . lff however# :th# conductance 
of a solution ferifig brief duration illumination is , 
determined.In a solvent such as.pur© alcohol* the pre~ . 
duet ion of- a polar species would %# ace panted by. a 
considerable ea&dueta&c* change* .As in the case of 
Majmry and Melville^ .abyrem# was chcsea for the study 
sine©- i t  im certainly the isuot investigated compound 
in the field-of raJical polymerisation* .
Commercial grade styrene: contains.an inhibitor, .-. 
usually hydrotulnone crni variable quantities of’ poly- 
styrene* ■ : fhe. ©tyrea© was fimsb shakes with i / 5 ,  feusti© 
soda and. the sea*? utoui Xaytr repeatedly. ..extracted with, 
distilled water * it was then treated with oven dried 
anhydrous sodium sulphate and allowed to stand for a 
period of .days* ■.y fhe styrene «  then fn^isftrral to- m 
distillation flash..under, a stream of. dry aitrogea and '. 
distilled under reduced,pressure*' A ©olid ©arbon dioxide 
trap was incorporated., in tha apparatus and the styrene 
was maintained under reduced pressure is the solid. state . 
until required* It was found necessary to us© a ^bubble
b
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CM
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flie Rtrifioe.tlon of 
4 ■ ■Oo&mereial ' was reerystaXXised frm
distilled water three time® and stored under
Oonduetanee iisi
: ; ■ feainoi&iio® m m  of styrene in metoiiaoX acatost 
tijm aai eencentration m m  performed*- fhe methanol, 
was distilled direst into the J&Artley torrcit Sell- and 
the styrene added Xy a weight pipoit© through to# stepper* 
fa® eonduotanos mcn^artm^sto were at X# &#eps# and to© 
result® are given to figure 41* All jotets were sealed 
.with Xow S i l i c o n ® ' O r e  ace and a stress of nitrogen, 
saturated with methanol flowed through the eel! im*ing 
tlxa lutroductiou-of toe styrene* . IM§©r flies# condition® 
the oonduetlvlty of the liquid to the eel! remained ®oir- 
staut* Ho oh&nge of mM,uotmo^ m m Xted to the final 
■styrene, solutions in methanel7fceing allowed to remain in 
the dark.* §¥tr a-period of days'.the ooaduetamee of tot 
solutions did rise and polimer was observed to have been 
precipitated on. the hmo of to® sell* ■ ■
station of the solutions
iwtiliiV iiK lliijwMi^ i t i^ i^ i.K'tu'i.. 'jrjir i j iiii.jiLWfiir^Ti^ iiflrinimiiii ni t fi - r r ir iT - r 1 if i ,- ' l,i " v 'T ‘ i r r ,“ f r t n ' “ t f JHr
fha solutions' eontaiaed in the e&p&oity~eoupXed sell
CL
U>
in
m
m m  irradiated with the. medium *0’ or fmrts iisctergc 
lamp* ■■ ..
- flit of£-balance. signal of■the *three terminal
bridge1 wms connected to. the oscilloscope tract and a 
Barits - of photographs of,the beam tra^^red by the flrr.* 
were tafetm*- ' ■ moieratt rtsttrimg witafta (mot
less t t a  3 V) on the ■ least, .no- record of transient 
phenomena wore ©limtetS# Using the pure eolwat a trace .■- 
was obtained which.at high amplification (restoring vol~ 
tage .I.trolt) was of variable intensity* .Itu?e acetone, '' ; 
however# gave m. irradiation .trace {Figaro 42 } which# 
although eoiafitx9 was reproduceahle* .
. The ■ irradiation trace of -acetone would present s, - 
slder&ble problems of intei^ret&tion is that the "signal- 
to-noisc* rmtie .is certainly low an& on the oaoillo-oop® 
used, variable* further complicating the interpretation ■ 
is the fact that there is no method# using present esc- ' 
perimentaX techai<guesf; of- discriminating between c&paci- 
tanoe-ani conductance changes# This ■discrimination is : 
theoretically • possible * hut-beyond the; scope of-the 
instruments in present uae* .
The -lack: of positive results m  the 'photolysis of; 
the styrene can he- accounted for in three ways* : It
T 
ON 
f
'osmld -be due- to--the possible phenomenon being of'shorter 
duration than, the 1 0 ^  seconds which, was the time-of' 
resolution of tke apparatus!,' or. the effect-being ©o.:. 
small as to be undetectable, , '
r- v— ' .-actual • oon&uetaucc^capaoiianee resolution. .de**.' 
pends on the range:of the.bridge being . used* but for the
'■ ’ ^ 1  ( X
I -  gem m ho-XOO .-jsjaf r a n g e  it i s  / - l o t  10. mM  a n d '.
X x icrt p.js!# whilst far the lower range- of the bridge- 
the. sensitivity -is increased ten fold*; A f£nal.pes~- 
stMXity is that there are no effects of the type its- 
cribed* . .
* * rpy^.nt of rolyi-ier ]^ el ocular i ^ir^t
Is this work the method of solution viscosity was • : 
&mmm  as.that giving.the beet quick estimate of molecu**- 
I ar.shape and &i*e of the polymers 'prepared* ft m s  
realised that the method was span to theoretical eriti** 
cim  but it was chosen-on the practical grounds of ■ ■ 
convenience*
Viscosity
■ 'ftm increase in.the viscosity of a polymer solution 
owr that of the pure-solvent is related-to four factors*
14?
" falsie G." ' ' " ' ” "
fable of time a t-ken- to pass through Ostwald Viscometer
at 25°C.... ' "" '
Solutions of Styrene p.olyaer in foluem®,
Solution .........................................
■ ■ ?•■■■? v ;. ■ -a  ■ ... \  v  ■■■■. - .  ■ ‘ ;  ’■
time
: ■ • -. ■■?■ ■;■'■■ f  ........... - • . " ,  v.
Pun xolu=*i
. 0 .9 6 *-  b y g w t. . . . 12* 3 2 .2 *
of I e l „  . t y r e n e
r . 0.608 ;i, by,lj. ; - - i :  r  —  6* - 0 9 * V , , . : }  ■
• of iolystyrene f :r; ic,r
liaeVas a^aii'of three readings differing by not greater 
:tiiaa 0*1 second* ' ’’ '
i.
r  ' /
?
V: vX* She, eissd' and :-shape of-. the polymer molecules*
;ir:, ::.;;/2vv^ -®he-;.cohceiitratloa-:'et'''-tha polymer* •■ : , "■■
3#-v: $h® possible.'‘polymeavoolyoiat interactions. 
r.;i. .■;■; 4* "••She ■'orientation of the foljmer molecules la 
;:'.:i.ynami'd 'solvent system.*- -.7 ;.7;:^ 7 -^'v
e.StaMingor (Bit hocteolelmlaref* orgaaischer" ferhlaluageii 
'■• Springer*. Berlin 1932) ipropoeed thatrthe ratio of ;t M  .
: specific Vyiscosities of ‘the'’solution to Hit polymer 
7concentration la ■ directly proportiom u  to..the molecular 
.^weight.. of -.the7. polymer 
7;. ;■ ■.7. ®pe<
X  was :proposed as .& constant 'for any homologous- -aeries
■and iaiepem&eat of .molecular' weight*" ■"■■; St audinger.hased
•hie equation *-.©n:the assumption that "-the,-polymer in'"
solution ..oonslsted- of a'-series of 'rigid;.rods*--' • '■■Shis '■
assumption, although 'inmHit'-tos sines m m  shown to
•lead ..to .a' relationship.- inirolviiig a term containing the.
square of the molecular weight* - ' ■
• .7; lute00.was--the first .to' attempt the’summation of
the■'Stokest-■law-equation for polymer-solutions. ■-"■
7 Force' • « -V ;
1©
Stokes assumes- that, planes of molecules mehre parallel 
to ©me another and that although the planes ©f flow are
m&istcrted by: solute ..molecules# energy is .dissipated 
inmaintaining a .relative yelooxt/ between the su^ peiided 
molecules - and. the -. ©urrouncdag rolveat*- ./.it is fjis 
relative velocity .that occurs in the equation-, and the 
rate, ©f.dissipation .of; energy associated with each'sphere 
is the product ©f .the. applied force and t. 2 relative 
velocity#,,. ;,ftie. stw&tion, of. this- term is ^utly c 
plicated by, the fact that polymers' are not generally 
spherical, and give rise to the. ao~oall6& nom*4lewtoaian 
or anomalous flow of liquids.
v-;..When a'.long molecule "is placed in a field of flow 
in which there is a velocity gradient, the ends of the ’ 
molecule-.become .amfromn&sd fcy liquid moving at different 
speedsf .and there• is © tendency for the ents to'move ! 
apart* ., . the, tension Inside . the molecule is „ sufficient 
to make., the .molecule rotate. into the .lamina of flow of 
the. liquid,as well as progressing as a whole with the 
liquid. Idas# this orientation into th@''*stresmlihes*-“  
of . the liquid is' opposed .by the random Brownian• moTOsent 
of. the. molecules, of polymer# a structural' form only : 
occurs in the liquid■at'high rates of flow*
lagginsw t^ following-. several other less plausible
molecular models■ of polymer solutions*' adopted t&©' pic* 
turn -of a flexible polymer'■ ehe^ using atomic parameters 
. was led to tlia following statement! ! '
■'■.■ tinder coaditlo»a of .flow where' lamina movements' " 
are sufficient • to eotiatemot arieht&tion iffacts , the 
pmmm® of a suspension of X^ge molecules’ in dilute ' 
solutions eausea am’ extra dissipation’ of energy to jssXii*- 
tain, tlie flow# - ■ IMS oaa Xe represented by t&e equation 
for the" ®pooifio-iri»ooeltf which’ can be-'summarised as '
/-Y\ /
] Sp e / C =KM
where Z la a constant independent of tia molecular weight 
M and c?(-. haa, a value dependent ©a ’ the Medal, usti for 
t&e poiysiir olaaimi is sere far large .rigid spheres*;
km & .value of unity far flexibly coiled c mss and'of 
two for rigid rode*. <^ " la time a semi' empirical constant
dependent not on t&e molecular- weight but on tJ&e mole-* 
cular pattern1 chosen# ■ : ' :
Values for.-tbs 1
§A
* j^uation Constants^*♦
Polymer,’- : Solvent - f 30 ■; / £'
#*%.
v:crge of ’' 
Hec*Wt.*
folyatjreae foluene - 25 1*60* IcT** 0,70 | IfwV**
2*'-50*000
m *■ /” „ ■>» .•*s.**3•5 ■* ’ui'-jJ X 0#80 iO 01OOU* 
J40# 01*0
n 4.0 SIQ"4 X*X:’-:;'llotaOu*
16 j * i>a
. fim ■difference "of tlm -toree results profc&bly 
arises froai different polymer etruetores #. sinos toa 
toree -$p*ei$&&& -wort prepared at different tempera** 
tores* : la-. very re eonfe work on poiystijTora (&*F* Brans 
to5o) tooa# torts tyAeo of-polystyrene- :po1ymtr fd^ s ■ 
grouped as &ig& ■ X m  s&oieeulnr weight’ poly**
styrene*'- ■■ ■--. •■' ■
.' fioeositios wort tetttm im ti using-stsntari ^twmM ■ 
Yleoomeiere# ■ ■ ■ • flit oltaning of to# vlaeemeter was Isy 
toe aeetoae/eodinsi fcydrosdi# rnttood previeualy deserikei* 
flia toole viseameier mm isaatrssi £& >  water toeasaoststf 
m i toe iima of flow iraa taken from to ret rtaiimgs eon** 
"eistent to o*l second*-’
flaa ; form ation o f G&mtxlm:m  :
■ the ot mm%? w orkers^ kart imiieatoi.
a definite Interaction between eilver ions and koto 
organ!e n i t I m s e s  snd olsflsio eonpousda*. Mwbmm 
reported In 1C06 ttet polystyrene comld Is male wolnt&e 
in elIvor ptreklorate solutions and it was -decided' to 
study- too eompler so formed, from toe •viewpoint of eon** 
duotance nea&uresiients*' ’ It was koptcU 
X* : fo use 1. * oosipl#3£ forn&iien of toe; styrene and toe
w&tb the alive* ^ercjaor&te in  m®%om
■ «ai tn# n^toia^asjing lowert&g of ■. eoa&uotmee an &
• method of increasing the eXeetrie&X effect of 
-■ polymerisation of atjrta#* .■- 
t* ■ fo obtain a,- mtthoi far the estimation of the imlM™
'■■ ■' culsr wsigtrt of the etpre&e polymers wMeh ^©ill .
' Xe applied- without previoi*s fcnowleg^ e of too atrao-» 
tar# of the ■polder* - fa# mmBttm of polymer 
; molecular velght will fcediseaeaedi later#.
: ’ Complex foa fhematioa lnveXvi&& the interaction . 
hetwem the e&dfcro^ l^ rlie sliver loa cad the oleflnle- . 
head M e  been teowfor acme time* fa# ee~c&lle& 
'Tf^complexee* is which the-ir^ fcoaAa of && arw&tie mole-* 
mlB are'involved ia a liitegt-witli a silver iem#have 
also lees mrnoh ©tailed*
■Xa 1938 m& taose*^ peetul&ted the
resonance* ■ ■
\ / \ /  \ /
G+ - C # 0 a G # C - C+
/ \ '  /  «  X  /  i / '
aai three je&rs later fasfta# llurraf and Olevelaad..., ,:
investigated the effeot of a silver ion oo^orsiimtiom .
m. the Eaaea" f*a$u$ttelea of the 0**O honis In bcnaeae#
E m fm  suit b m wti, ladepeadeatljr tzut tli# .
soMMXiiits of folaano aiidwoasomo inm^mmm eilirtr 
asxitr&te gm m m m  with, allrm* im . Qm m ntm tton*
0«i
postulate! itm formation, of stivll# amafiwieli.' 
mlecalea InwlviJBg two oiefiaie i&.t&Ls
cisst ofolotestaiiant# m& mm trcasltion alomoat* . liis 
tteOMtie&X •trtat&&a & teaei os molecular. wMt&l- tb&axy
infiiosi-sa that tov trc ^ 4iicm olme&t® jjosaessing two 
mos&t or aimgli* ©ooapliod #i** orMt&Xs-, ft teti &m te 
forced walati in. m  wair t&o r#r ataMlltj
of ttie laoltsmlo* 03?3r3tslli&@ eaXiia km® M m  p»diiot€ 
of -eyelopfeatcUUUme smi trm* ss^^^oa#* otfb&lt* -aiotel#. 
o&rositM m M  t&o rsra ©artte#- Hoffifi i^oiirlei ft 
etructur* for tk® Me^0jolof«tmtiea0.oonpomdsi
was later eooflrm&d. In Jim tZ^ ty Pf&b and 
. nad lilsnd aai ? uoing X^rag' m m um ^
manta* Xu th& oaat of If *" it la fro’fcaM.® that ilm 
-rf^mnSM of toe orgaal0 eoapomd are &t*tort*d. tn  th*. 
■complex* . ' &rap& 44 show its.# .effect of &ieyclopeirfc&&ic o 
and o^elopOBfftiiono {&riffi,tE0 an# fe&rce) compares witli 
t&at of. polystyrene 0a the ooaiuotnrie^ of allwr per­
chlorate la aoetoae# fixer# is is all eacec a wfesd
d e c r e a s e  i n  A  © n  i a o r e a c o  :i i i  t & e . =  d i s © c c l a t i 0 3 a .  ■ 
coastsaxt*,- .
-'w • ftm .effect;of tee jeJystyre *.0::ls'very large a&d ■'■' 
al.teougk ■edaie' crlticisia caii'-be levelled against -tee ■' 
ms# of-a teraaa*^'eyetemt■ tee 'eo&sider&fcl© decrease- - 
.must certainly lie'-due. to the" polymer mM m t tc a -sol~- 
.-¥#&$■ toter&eti©a* 'tee cteer critlciem fosaiMo i s E ^ ’-
te* t tee-:eolreiit mixtures mr*jd7 iafeXW. tee'production 
©f :a of polystyrene*'' fMi ''suspension,
miglrt 'coaeeitefcXy rtsort silver Mm ' from solution* ■ 
tear® is# -.however# no-clear deiaarkatioa-betweeu polpisr 
particles MXi to suspension and large polymer-moieculee 
dissolved'in'a form of aolutioa* ■• :flies©' two'- ofejeetiona 
.are ui^eytu&ately M M  m l  coasiderafcXe dif*
ficult^ ia' iaterpretetioa#- •
■ tee-'quaatltatire analysis'of tee decrease in, cou*- 
dueta&e® ©f te# perchlorate tee addition of tee
polymer is not ©may# sins# teere is a'possiMllty of two 
effects' coming into flay te t cannot simply, he allowed 
for# ■■■firstly# tear® .is..tee pmmitility of te#vpolymer 
suspension assorting tee siXv©r ions directly#' m l  
secesstdly# ■ it is very XiltXgr that one polymer'molecule -' 
will. aco<nmt for m m  t&an siXirer ioa*- tee' increase
in charge of the molecules’would partially 
for the vary considerable sisa* ■ ■ Ib this cast the ' 
Bjtrroa pare aster would ■'become a very complex function ■ 
and,its ^hy^ie&l siiaifitanoa wtmli he fu@etlenabXe* - 
: .Attempts were made' ft relate :the -decrease of com** 
duetam.ee-to'.the polymer muXtouXiir weight, using polymers 
of ;toom molecular dimensions# It was found too diffl* 
cult .to obtain solution' sad the'work .
abandoned for the time being* ;
tee use of the polyatyreae/perohlorate cos^lexes - 
in an attempt to- increase the electrical effect© of poly* 
merle&tloa beyond the mere' ell,, t change in dielectric : 
constant of the mmmrn to polymer* proved unsuccessful 
since the ■■perohlorate ■ solutions ■ in methanol m m  of tea 
low im alcafrieal resistance for tea ^e&LJ&c&ty-coupXed* 
cell* ■: tfoing a "transformer loop* cell for tea ■ Arr&dla* 
tion* this method could well repay investigation*
■ / dilution runs were carried out by tee method of 
lawrence.^ using the standard Hartley Barrett eonduc* 
tance cell and the 10C-0 ops tee&tstone Briift Network* .
Dilution rmMt using the ' technique* were attempted
■; tait -t&© sa&xlm&. ia tlM s^ agti
; wan ' to bo. iii©oaY@&ie&t ■ Cfiimre 45 }*.
? flit im&erest is. t&© stmly. of the ©ffoot
■ of ■ pol^o tyres© am t&© co&^ot&o©© of eilwr perc&lorat©/
* acotomt mixture# la tfcat t'fes e^uillixxtiu eaturatloa f»«* 
mBM is app&re&tly .very ©low. ia&eefi. •. E«mlta..teooi on 
direct ©olutlon of tim falpaer
j Mxture# wmm- laorepredueoalkX®* ■ 1ft &©w©re;r# a omoll 
: mount of polretyrere. i» fc©Bses^ wus to & feulk'of
I : aeotoas, m fin# ©woponaioa of polymer io jsrodtiee^ * flits
-; were repro-iuooablo a&d* although Jmsiifiea**
l^tioa of t&o uoeof tiii ternary ©ystw is aocos&arjt. tMs
=... m©t&©& m s  ft o h5 ©atiafaotory*
;, fht of foot of tte tiosaoao' on t&© ffo&duota&o© of
; aoeto&o M s  laarestig&iod. ky ttaren tmpui&i©ke& ■
s work.) t ami maliss a mry refined- tochsaiqu© is ezploy&ft* - 
; no okaage is detectable (8riffltte* W%m?m m §  ?oo£r* **
: work)#..- tSoiag soxm&X' iitaiioiMma ttolmiiamas
• tim effect ©f %hm & M ,ities* of ■/t^ asc'so ms nafXigili#
; (‘Table H ).
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f&s S&eOlovsfcjr - rtrapolatiaa .S'ttactioaa ta v Silver
■ fero&ioratg in a ‘Suspension of roly-st^reaa la
• 93 Acetous. «• l;! Osnsece
S x 104 s(&) . ^  : SC 8>
P■M , *■*4*.I : . Xv A,Cf ^(s)
■.. . -
V fe /\ ®(Z) x XO2
' 1,9369" 1*053S 0.9684 0,5869 ; ■0 ,7 2 7 2 1.5632
2.£154 1*0594 : 0.9594 0*5531 0.7340 ' ; 1.8201
'2.9038" i*o€§cr 0.9534 0,52.34 0,7387 2,8576 -
3.5081 • 1,0713 0*9480 0*4918 0.7428 2 .322S
4# *.S -/'3 1*0765 0.9431 o*4676 o.7': - 7 2.5356
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, In. the co m m  of the general work* $mi?il '•spacis!*' 
investigations were mier taken m  fart of rtcccrrt: of..
eolloaguos* fwo of tins®* laeoxpomtlug fin
tocini^mes of . tlia gemrsu wort* are recorded in this sec­
tion* la urv / of tn#. Xltwraturo wee rot undertaken 
s a t  t& @ ' e s p e r l m e r t s l  w o rk , w a s  © o n f in o d  i i r s o t X j  t o : t i n  
. proxies* inTolfed^- : : ;
fha Conductance of Sulchiirlc A d d  C%3**X0S ^  ;
i i n r - ‘i ' it« ‘ - r i “ ,‘ i v i r - i irt‘f,i r i i “ -thT|(rr‘rK ,i fr r " r ,r %r-,^ - ^ t“i'-ni Ti,rT if " iir ,‘i‘‘r r ,i''nii nii n n if -— r- m r r m m ti n~ W iin  -  iTTTWrnifri • nViil iwnytrUi iWwtiM! n*uri|in iinf4»
T x m  oonduotaueo of ouXphurio add ©round flit ICQ, 
r@gi.oa i@: difficult to memsmr# rtandard tcchni^ uca*
f&a m M  attacks platinum oimr a p©nod of: tin# aaci tin. 
transfer of solutions and rsmoml of solmfiono in : 
Hartley Barrett tgrpo eeXIs is Inconvenient* It was 
decided that. ilio **f ■raaafor&cr loop*1 Cell toXI to ©uitable 
for the wart#. Stock ©olmtiom© of auXptarto aoii (&H/-
-■©&& XO?f*} wore obtained aai a set of 10 solution© of   """""
eoncertration 95$ to XQ5$ sulfuric war# nade hr aiisizing 
these tM ap2?rtfrtat® quantity of less concentrated’add# 
fins® -standard solution© wort allowed to resoli tterms! 
oguilltoiua in a desiccator aai then. placet fa turn in 
the *traa&fom«? loop* cell# Sfc* whole apparatus was
' ^  of Sulphuric "
Acid
fraaafonaer Cell : Capacity Cell
u. P.. ■ ■s.iaiio ■ ; uuF ' u isho
'90' " 0*0714 3 0 .0 3 /': : 2 8 .1 0 ,0 5 3
94.
95 ''-0*1054' 2 8 .9 5 28.1 0.0539
96 0*1025 26.37 27.8 0,043
97 0*0892 23.98 ■ 27.8 0.048
98.3 ■ 0*0700 40*55 28.3 0.056
99 0.1002 14.68 27.8 0.047
100 0.1000 ■' 6.23 ' 27.7 0.048
102 ' 0.1120 13.10 27.7 0.048
104 ' 0.1120 13.10 «s» -'
106 0.1120 10*25
'
( X )  O H M ' *  3 ONVXDDQNOD
SZ OZ SI Ol
L
CA PACITANCE /*-F
n a n B e s a R B a n
enclosed in an air thermostat at ^ 23°* .-.
■ ■ • Tb® results • of tie measurements are recorded in
figure 46*' v Sheas results are in general; afrtement with 
those recorded in the ’Encyclopedia of Chem.Technology Vohl3’
$h.& freezing- .foiat, off - Water-
...'If was required - to' determine, the. changes occurring ■
during the transition of water to ice*.. ..Griffiths and , 
Stoefc^ - showed that it m s  feasible to detect the phase 
change across'a fused salt'bridge during ice formation* ■< 
and it was decided independently that the same effect , 
might be shown across the hand electrodes of a capacity 
coupled ' ceU* \ ■•■:
f W  conductance/capacitance changes during 'freeaisg* • 
using-the' concentric ring, cell* were' shown to ho- con-*- 7 
siderahle (figure 47 '). • A capacity coupled cell was \ 
therefore constructed from, a boiling tube with copper 
hands spaced .at 1* on the outside-* fhe hands were then 
covered with■*©picote* resin and allowed to set# A 
small cap was placed on the tube and the whole suspended 
Tertically# neck downwards*
. / ■ m m  the cell was filled with "toieold* a frost 
was produced on’the 'outside- of' the plastic-covered
, electrodes, d^&ppe&red when the cap wm
; a d  the ^Priceid* extracted*
■ ■ T im of. the cell - with ice* ■
; end the - ceil- with a fils of water at the .melting- of iee*
■' were determined, £ri for-a series of melt® the exact••
: correspondence-of.the fwo yalues at the point of transit- 
! tlon determined ly a-method- of bracketing. tMn 
: bracketing mm very laborious,- sia®@ roty rapid changes- 
• .occurred at the transition point* Tim final mine of 
■: 0*134 u \io m l  5*1 uaf at the transition point would* of 
; course, 1# effected by the *cell constant®' of the device# 
Ilsviag cnee found the transition point parameters f 
; the bridge wus set at these values and a series of- So#
: layers formed end- melted# the teidge sigimi was observed 
;' to'go. through balance and ©tit of balance at-the transition 
; poiat* fa determined by eye* ■ A diannam from the oseil~
: lescope trace of the -transition (Figaro 4-7 ) shows the 
; rapidity of the change*
Beference (100f lints ®oee of the literature on 
;. this .particular subject* ■
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■ flia general' nature of the work described in M s  . 
thesis does not .lend itself: to • the • "convenient title” 
of General Conclusions* ; fliese have largely been dealt - 
with, In th& individual sections, • tout a -brief maarasry 
has lean drawn up under a ; series of headings and is 
presented below*
'Conductances
fli© 10,000 eps* wfkree femia&l Bridge’’ described 
in tliia work proved very satisfactory for-the determina­
tion of conductance anil -capacitance# In conjunction, 
with standard conductance cells it proved compact, robust 
and accurate : as well as being more easily handled than 
the standard Wheatstone iletwork#
The 14cleelrode-Iess** radio frequency" techniques, - although 
possessing the obvious practical advantages listed in the 
seooni section, gave results which proved difficult In 
their -interpretation# ■ flia m o d m a  which are produced in th& 
curves of conductance against' concentration- are -difficult- 
to explain and !i*m the practical point of view they can 
produce ambiguous resuite* It is moat probable that
these maxima opiear as:a result of the ■ coupling of feet* 
within the 'coll* edacity-eoupliiig tending to past to
"ocnamat&aas coupling* at' feign. mn&mtma&B #• . .
f j i m f  . ■ . .
;'■•■fhe moths 1** .by whiohvtiis©, was introduced m  s$ - 
paramt'ttr into ooaduetenee -meeauTOmonts proved- vary' ■ - : 
s&tlef&atcry* ; the availability of a eoirliimoua auto-* 
statically raiisttrlng record'of- "dielectric* c&snges is 
always of interest end in- certain oases essential#' 
Although the self^reoofding tract is obviously necessary 
for the fast reactions# 'the mat of .the ”prii-set# reading 
In the ease-'of the iee-water experimentc-i- m i  the oca-• 
tinacus trace in 'the study of the ei®~transK isomsritatlon 
Of the di&550oyanid©ef. would s e w  equally important*
■ ■ la f M  case of the 'fast reactions the mat of a • 
variable frequency bridge would, have allowed gr$mtm 
flexibility, in that the reeelutioa of the apparatus in 
time aouli It altered# : fhe- aaly thtorttical limitation 
of=the resolution of--time .by-the methods described would 
appear■to"theperiod cf; the-oscillator#
light Sourcy*
f m  Coo jroule commercial gaseous discharge scarce
.end tiit medium. X*o©0 .Quarts unit .both proved .
satisfactory. end convenient in-: operation*..: .The.strobo- ■ 
eeepie-unit#; although of .too low inteasity .for useful 
operation# was of great ms# in tracing direct electro-. 
.magnetic "■pickup** The triggering device on. the milmx 
intensity tmit ■; ** satisfactory# tout could have to®on 
improYti. by the - Iswurimg of. the time, constant of the delay* 
The lowering of: this time constant of the . triggering . - 
circuit to .the micro- eeoomi range would hav# entailed a 
complete revision of .the circuit* ...This, was not 'possible#
.specific p-*ctiona
Altcouja the method of irradiation and measurement 
of the "off MXmmu* .signal has proved eatisfactoi^r in:' 
tha detection of the products of the heteroXytio. reaction 
between cartoon tetrachloride and.methanol# m  satis-., 
factory remits were obtained for the _ hcmiolytio. reaction 
and tha free .radical decompositions* This lack of to- 
suite has tostm attributed to several possible c@m©-©$ mi I 
these art dlaeuesad in the section devoted to tfee poly- 
merieatioh of styrene# Any future apparatus. conetruoted 
to determine, the possible brief time offects■during 
irradiation# must It constructed with the following points 
in mind* firstly# the torim^ o oscillator, and tri^ofing
Eeeoadljr# i M  analysis■ of results would it
the iaooi^omtlou :o# ieasitiv©;. dttee'tor TOltf
to' allow %b$ detewiaatioa of eit&erilie m nim tm m  or 
fee e&panlta&ee otocxgco-’ea individual faantitiee*
...'fee formation of fee i fans**, p^ roiaio^ 'feonaosio^ diaso^  
eyaalio direetly -^3^ OilL ^ lie uaifi©. and fee aissj&e. di&so**
feytooo^orldo of ;t l  o ^-teomo*-anillno-.ls not of .general 
a^vlioation to' ofeer moxXora of ...fee aer&ea* . SMs sore 
lalile me&fcere* of*- fee p-o!ii@ro^c!orimtiw# oasaot be ■ 
prepared in 'feta vcy and feo later mes&era* otv fee tri« 
XrouO^oomponndi'nltUoaj4 loos labile* r~o always prepare! 
bgr a dlffea^nt rout© due to fee-low eolubilit^ of fe© 
original amine*'" vtti© presewoe of a 
in fee reaction eteps it,' fetttever* of importanoe, and .it 
fiomli X# of interest to pr\. re-a Yarietjr of similar 
pl:iotoo^ omi0allf-sotiiro oompoundo la 11 t of different 
ebar&eteriatioa*
Itauwla m a  ; Mart on,. ?*&»£« §* ig0> 1735, - If 28 • ■' ^
Karris* Unit mna Stao,df 5?* ;. 2.415*'
■ ■ ■
Blslm# Conl&atl&etrle ■ m&Xjraia at K&dio 
froquenaia©* 155o,. /ad Rail-
MtliriXX©*maS ^jorgry ia.tupe« 165, ■ 642* 1999
Hiring* t * f  *Soo; J i t  156*; 1994 ■ ::'
S m m m -  m M  farrae^* • 2M» lag* £fcca» t teal.) ';
. i t *  595, 1346
If all ais.6 6.i-"fcs#S| %3» 535, 2 .>91
£21batttrjrf £• oMsu 41f 173* .1944 .
t e t ^ r y  XI* 5367, 1 31
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